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Abstract not available for JP2004501340 
(A) 

Abstract of corresponding document: 
WO0151665 (A2) 

The invention provides methods of detecting a 
nucleic acid. The methods comprise contacting the 
nucleic acid with one or more types of particles 
having oligonucleotides attached thereto. In one 
embodiment of the method, the oligonucleotides are 
attached to nanoparticles and have sequences 
complementary to portions of the sequence of the 
nucleic acid. A detectable change (preferably a color 
change) is brought about as a result of the 
hybridization of the oligonucleotides on the 
nanoparticles to the nucleic acid. The invention also 
provides compositions and kits comprising particles. 
The invention further provides methods of 
synthesizing unique nanoparticle-oligonucleotide 
conjugates, the conjugates produced by the 
methods, and methods of using the conjugates.; In 
addition, the invention provides nanomaterials and 
nanostructures comprising nanoparticles and methods c 
provides a method of separating a selected nucleic acid from other nucleic acids. 
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nanofabrication utilizing nanoparticles. Finally, the inventk 
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ilea, 1 oo«»*o*»oi5»ofta» **oaa**»o*m, sft{i^fte>© 
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11*31 4 3 $ ft 14 4 4 fcE«©j5fi£. 
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t/g^tf^^^fiE^nt^s, n $ 8 4 3 * ft a 4 4 t ih k © £ a . 

4 7 ] 

»**flB*»i:«'«*'&T*aBrffia*{k*4rt-r*, 1*14 3 sft» 4 4 tcta«©# 
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f 2 « © * & . 
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'> ft < t fe 20©fflS»*WT4«lfc**ai-r*^jS7*r3T, 
^tfilWftE^J^ttSXf 7 7° t , 
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f- K©-»tf/W-XU Jf'fXLftlSSI^IcKtfWttSti, MilftXn-X©l£'>ft < t 
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TSX-rvXfcx SSftttXn-XCX/ffi?^ * ft K # * b ft T U df 5? * U * f- F © 

-ffiavwxy^'TXLfc*iiiHv>fc:iBtftttt5*u ?liM*Xo -x©M'>ft < H2i 

'>ft<fcfc llStli, ME*»©E7!l©»2»#lcfflJllHftE5y*£-r 
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Kfe itf Jl«±©* y rf 5* ^ u^-f- F ^jftCA/f^'J ^^X^tSiftTTStt? 

[H*S 5 2 ] 

tts-tt-. ttHB*»tf*in*xn-x±©*y =f? * u** k tA^^'j x^txt 

[M$3 5 3 ] 

flSiBSl&tf »£f*Xn-X±©* 'J df* * F t X 'J X'f XT § <fc 5 fctuiHSU 

*Sifc{*Xn-Xfca«i£-fr, KliB*»««*S±o* 'J =f* * l^T^ F ;W X 

y*-fXT*J:3tcfl9iB I1*S5 1 tciB«©^a o 
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5 5 1 

ffi73©^f±i%nit^cT?»j;97i'^«Effi»©aii©*y3 7^i^*f-FA !i M«?nTv^ 

5 s M * « 5 1 t IB Sc © 73 ffi o 

[f»*a 5 e ] 

^yd - 7^U^^F^^*L/c'>%<tfe2aiR©^-/e ; ?^^ir?I»1*7°n-X%^« 
tS >y XT-fc o t, &»£f*Xn-X©X/«i : f »*. tftCWfLftt'Jd?*!/* 

7 t H©-»i<ft'f x y x -< x t fc &s * s wc t>*# «• & n> k* ft x o - x © m '> ft < t 

t. 2 liWt/SfOS < t 1 aliens .&HJT^#$8?©BS?iJ©!g 1 
ft ffi 5>J «• * T 5 T y =f ■% * V * F /6 s # * L T £ X r -y X t , 

'> ft < t *> 2 a s © * y =f 5? * u t f * # * l it h § n © x / & ? * m m t § x f- v 
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, mmm 5 e tiBii©75ffio 

[ If * IH 5 8 ] 

£ i&Hf* 7° P - 7" t&f&mt. ZV'iks U E* » * / tt? ± © * 'J =f ? * I' * F ' N 

y ^ xts <t 5 t, }inf*7°p-7£<fc tf * / e? tistf w & nycBuia«ift*s* t 

g ft* £ 3 , If * S 5 6 t IS « ©75 ffi o 

[ a * « 5 9 ] 

tufB$8?#'}f *{*7°P - 7±©* U * U*^ F tA^7'J ?^Xt5i 5 tiulB^I? 
F £ 7 y XT § cfc o t + / S?*Sfi buIBSK*^/ 

/ctufB^K^^-/s?ts«^-&?., i*S5 6 Kmmvjj&o 
imxm e o ] 

mm Kit, ioo*i>foi*oi»»o«ai> fti*©iift;i>$i?©^£B, $ fc « ^ n ^ © 

BSO«llJ*Rlllilct5i5 7U'fttli:**oai«)* , Jd7^U*f FffWI3nT^ 
5 , 5 6 tlB«©75ffio 

[»*IH6 1 ] 

s*tfaiftssifttt^ai4afisii?*s, w*a 49-6 0 ©^Tn^-stis 

tt © 75 ffi . 
[1*S6 2 ] 

ttffl^tgftgtett3«±tfctt3tefeSH**©J&j£T?fcS» S*S6 1 t IB it © 75 ffi „ 
[ ffi * 3 6 3 ] 

S£f*-7*P -7*©t / fifffifrBJStStiT^S, 4 9 - 6 0 © V» T n - g t 

IB it © 75 ffi o 

6 4 ] 

****ftfifc«tt*tfT*fflRJtlEft£ 5, 11*5 4 9-6 OO^fftfr-S 

t IB « © 75 ffi o 
[ M * IS 6 5 ] 

*mnriia«<ttt)t*sx**^i?*«*ti*^ w*JS4 9 - e o ©^-rftfr -at ib« 

©7J ffio 
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X r y 7° t , 

3ttfc*etfttfr;fcijiB«*&* * U =f 5» 7 b * ^ F * ft * b fc U * y - A 4: M t •£ % X 
r y 7° T- & ^ T s K * 'J =T 7 * b * ^ K « W IB S © IB 81 © ffi » K ffl fi « * SB 8J £ £ b , 

m is m m a > y # v - a ± © * y dr 5? * b * f * go ib « m t m $h k ^ 4 7 u ^ 4 x* 2 * 

* y df 5? * K*tt*Lfc'>ft < £ t 2aa©^/tt ; ?*'&tr»*<*yn-7*a(ft 
tSXf^TSoT, Rlifltyo-^Ot/H^lifhKWIlfeif'J J? ?b^ 

t s # y ^ * ? b * ^ f e> n , 

azKWfflSfffflOKSSi: IT, HAft 7°n - 7± © * >J d 7 * b*^ K*U # V - A *\ ftf 
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5 , If 6 6.KlH«©^ffi. 
[ If * « 7 0 ] 

^ydJii'l/*^ F*ttiS**lttt87f y^TfftoT, R*»J i?* Fli 

(ft ft # y df 7 ^ FAMtibTfct), 7° n - 7 © * 7 ft ¥ , * ft 6 £ ft* b 

fc* V df? * u^-^ FftS/W 7 U 94 Xb/clSHE WdStftttt & ft § X r «y 7° k , 

* S l Mm®* U :J5« X F «tufBM©E?iJ©!g 2 ffifttcffitt WftiBflJfcW U H 
2iSO*y d?^U*fKfi, tu IB 3 7 7° o — 7 © M ft < 2iSOt/8f ©'> 

ft < k 1 i ffl§nctt« b/c* y d~7 * u*?- F©E?ij©-g^Hc^iswftiB?y^^-r§x 

f 7 7 i , 

fufBM, t/S?, feit>*37/n-7%, iHB&i£*^/fi?±©*y * 

1/ * ? F 33 J: tflfii © * 'J d 5? * ix 4- F k C /> -Y 7 U XV X S £ , o t 7 tt? 
± © * U dr 7 * v * ^ F * 3 7 7° d - 7 ± © * U df 7 ^ b * f- F k W K /n W 7 'J ^ X 
? ^ § £ft T S ■£ 5 X r y 7° i: , 

^tti pJIgft^fk^ffiS-r v ft, fr6*8SS. 

[ « * a 7 i ] 

8 K * s » « ± © * 'J d 7 X U * F t m -Y 7 'J 9 V X 1" S ck 5 C tu IB ®, K % S & k » M * 
MtZ®Mtf + ;®?±<0* V tls*? Y £/^4 7 V 94 Xt Z & oKMW.KmV 

till znrcmmmmtti- tmM2&, 377°D-7±©^yd5?^^^-^F^t/ 
« ? ± © * y d 7 * u * ^ f t /\ 4 7 y ^ -< x -r § £ 5 c tu 1 b «e » k xs n » 6 n fc t / 
e?S37^n-7ts»?t5, n * a 7 OtfB«©^ao 

2 ] 

tOEMtf^/ffl? ±©* 'J 3 7 ^ l-*^ F tA^7'J ^-TX-TS ± 5 tctulB^K^t/ 
<£ 9 C^-ytt?K:l»Sff#»*6nfeKlE*»*aS*t»ftll**, 377a-7±©*'J d'7 
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[ m * a .7 3 ] 

Htt«(Ht'<**10EW0jBl«»li:iififtt9J*t1 - 8^7 l 'S'^i:, 
'>ft < fctZlSOt78f*it537^o-7*ffii)tt5Xf^?*oT, #Ii 
© 7 7 & ? tt , '> ft < £ t lOOlClSCt/aflOt'Jd^^K^FKSlfi 
ft * ij df 7 7 U * * F ft * b T ft t) , filft^o-7©t;6ftf, *ft&lctt*Lfc 

* u =f ? * * f 7 y ^-fxi fe issiv^citfttttsns^f f^t, 

«HB**OE5<JO»2»»lcffi1fW!8:E5Uk» n 7 7 n - 7 © IS '> ft < tUlSOt/ 
fi ? © '> ft < t t HI m K ft « b * U d ? 7 U * F © IE 5U © - 3 to K ffl II W * IB ?ij i: 

d 5? * U * F =fc tf S « ± CO * 'J =f 3» 7 U * ? F t M 5& K /n -T 7 U 7* X 5 ■& , frol 
F±Ot'J3?7Hf F^37 7n-7±C^'j3?^b*f Ft 
£ J» K m -Y 7 U ^ 4 X t « § ft ft T T ' « ^ * * 5 X f >y 7° , 

sscii, i oo*K*o«»©i5»o*ttj, a«oa4s«»©tttti, *fci4*ft&© 

S , I*S 7 0-7 3© ^ftlfr-St IB IK © 7? ?* 0 

7 5 ] 

x*^iiffi!a:as«*fett^awftfife»*T?*s, »*S7 0-73 ©v^ftfr-sfcffi 

«©»r£c 

tlf!7 6 ] 

[»*s 7 7 ] 

a 7 7 n - 7 © 7 7 & ? ^ & & $ S ft T v^ § , ffi * S 7 0 - 7 3©V^t*ft;&>-8KlE 

«©73 So 

[M$* 7 s ] 

is « © n m . 

[ffi$* 7 9 ] 

* a nr « & * ft « « x * * t* w * s n * , i*i7o~7 3 © v r ft - m t is * 

©7? So 

[fl^JS 8 0 ] 

* U =f 5? 7 U * F * # * * ■& fc 7 7 ft ? * T § X r v 7 £ . 

=r?^u*f-Ktt2o©ap»*wt, * © - 77 © bp # © ib ?y a , m m © * a © a? # © 5 % 
© 1 ooEWic*a««nf* 5 , ffl7?©sp^©BB?0tt. t;?i?i©t u d? 7 f© 
sb w Kmrnm-eh^xv-yft, 

d? 7 U * f- F i: m to K ^ ^ 7 y ^ -r 7 $ * § ft ft t -v % m t ■& § X f - >y 7 t , 

8 1 ] 

«*fcSttStf*fc$fcfioT, 7 7 g?*8^t'Jd7^*f Ftg IS * « 
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8 o k ih m © 15 m o 

[11*18 2 ] 

V^f FB2O0(f»%lU ^ © - 7? <D-& # © IE £0 « > & H © '> * < fc 2 O © «B # © 
a W 7? & 5 X f y 7° t , 

=f 7 * U * F t £ $J K /n W 7 U ^ -f X S * 3 £ ft T T S ft* £ £ 5 X r y 7° , 

safe* y rf* * k*, tt'&a- u d'j? * K^Sitf^tA^yij 

8 3 ] 

*y 3? K*tt»Lfc'>& < fcfe ZlSOttf fc»»«*57fy^Tf 

* o Ts 

»2liC8fl<!)t 1 Jd?>I/*?KI4, 1£l*<DlB7iJ©£2tH5#£ffl«iWftE?iJtfWb 

tufES«!#\ S?±©*'J rf 5i * p^-f- K*«||B*»i:Wak:^>r7y ^^X?t5*ft 
T T? jG C 5 X r y 7° t , 

S ? ± © * 'J df 7 * 1/ * f- K © m ® t © >\ J 7 V 9 4 V - >s a v K i. i X jg c z> ft tH rI f i 
£ i£ ft £ «»? T § X x y 7° t , £ JS 5 £ ffi. 
[1*184] 

i*;^-«4#*itfS8ft« , S*»f"P8*, W*il 8 3 

[w*a 8 5 ] 

< t & z^iD&ftz^t %mm*®&t zfimxh-ox , 

*V d F5(tlLfcfe§iS©7^^DX7i7*ffiIt5Xf -y/ffeoT 

FttttlOEMOl 2 fflS#fcffl*t»fclEjy**r L, Kt fitttBBIffift 
S{b&£fignJt&T-&SXTy7 p £, 

SXr-y/fc, 6 fig 5 7? ffi . 
[W*S 8 6 ] 

■^/tt : ?ic*oT^ia*n*«apii)B4«{k*«fio«{kT***, n * * 8 5 is « © 7? a 

[«*« 8 7 ] 
[g|$g 8 8 ] 
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7 K: IB « © £ ffi . 
[ IS * JB 8 9 ] 

.'>4<ife2^0»»ttt««i*«lllt83fS , P$?T, 

Xx>y T'T&^T, gS*U 3? * Htt*»OE?iJ©a l »#fcffi*iiWftEBI**i t 

, itftft^?IIf!l£nT^& Xt >y 7°^, 

x f >y 7° t* tb r> x , k * u =f 7 » u * ^ f it m m © e n © m 2 as # t n ffi « * e n * *r l 

, «3tt»?Tf«»«nTV^5 Xf <y 7° £ , 

^^©^fb*li^-r«Xx>y7 e t, frP>j£3/5r£ 0 
9 0 ] 

•f/tt* «?Llt«»K:ffilir*«*ffl«KE«L, SIS? 

«»T5*xv7fr&*5k:jSS* lit * « 8 9 £ IB ft © * ffi o 
[ lit * « 9 13 

^-ijrf7.^u^^F^it*b/cfe^aii©e : ?^^#tT§xx>y7°T-feoT, 'J rf? 
*i/*^Kin<ii«»isz»»**i, w#©»#tf*a©Eai©- as ft K ffi ffi W Tf 

§ X -r >y 7° £ , 

£ 1 g|5 ft i: 83 2 ft * M f 3 & £ 8 M © 7° p - 7 * V d 5? t U * ^ F * ffi « T § X r >y 7° 
T? $ o T s R S 1 * ft « , 6?C it« Lfe*Ud5t^lx*f-KOl(IIB»l»»Kffl«IWa: 
SJ^iL iSfflJ»tt*»©EJiJ©-»»K*m«'P*D, 7°o-7** U d'7 * l^*^ F 

? ± © * y n 5* * U * f- K * 7° n - 7' * y df ? * U * f- F t M 3» C a f 7 U ^ ^ X £ ■& 
5*ffTT, * «fc (fyo -74- U =f 5? * u*^ F*»tt**T % »T70^-7 

MK^7°n-74- y 3? * f ttat^^^y ^^xsts*ttT?, -y 

y # - # - ft ? % $ ffl T 3 X r -y 7° £: 6 * 5 * ffi . 
[if I 9 2 ] 

i?^iiiifT\ y -pass, is*«9 leisnosa. 

[1*193] 
[ft ** 9 4 ] 

tt? 'J-f-^-»?!!)^Ky^Xgtt»?T'$5, I$|9 1IcGIOS 

[ II * « 9 5 ] 

'>ft < fe l ■ooSftfcfll*. fc* y F T-fcoT, «UBg«fcttt&E* V * K* 
©4" UiX^bif F&M©H 1 »fl-0E5UfcfflfflWftEM*WL, £ 2 a^©y-7li 
[1*196] 

■gS4>©fflja<*tf, £ 1 *5<fctf£ 2»»IBKffia-r5*»©»3»»Kffl*l»aEW*W 
t?7o-^'J JX^Utf K^ffBictty, 11*59 5 tc IB * © + >y h o 

[ m * 3 9 7 ] 

t;g?tfi*^fiS?nT^5, 11*319 5 KfB«©*y bo 
[«*« 9 8 ] 
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[1*S9 9 ] 

'> ft < i:fe20©g«*fli*.fc*v K*$oT, 

jg i est I*, - $>i?©i? i »»©E?ijE*afli«aE5"j%^'r **u =f ? * u*? 1 f*w» 
im^m ioo] 

5t*U*^-K*fti$-r4»3«»*IIAfeBI*a9 9 t E « O * -y bo 
[ffi$g 1 0 1 ] 

t7 fif.iiC^fr&fl^hTV^, 9 9 £!E«©*y ho 

10 2] 

Sftaffi^^Slcffi^fc »*3(99K:E«o*'yb. 
10 3] 

1 1 K 14, 'J :J 5? * U** KOffi 1 g|5#©E?iJ&cffl}iWftE?iJ£ tt 5* U =T 

1 2gffitc«, £ i as^^^-Va? ±o*y t is* ?■ f* © e ?y k s « we a& Dig 2^ 

»««*»o-a5»OEWKffl*IWtf *5, '>ft < k t 2 o©»#*£&Eai**r* S , 1 
Sfttti»Oiao«^*'J 3:5* ^ P^-f- KAUot^S, *y ho 

, ©5iip«tt-&* u 3?.* u*? Ktts is 1 / s?±©* y :*? * f 

OEM t fflfflWT-fe D §1 2 ff»W«»©8'JoaJ«-©EWlcfflaWe*« , '> ft < fc fe 2 o 
Oi5»*^ty|B?iJ*^'r*s IISIl 03£8B«©*vF o 

[11*31 10 5] 

t;s?A^*^i«?nn^, m * a 1 o 3 tc ts a © * ? f . 

[»** 10 6] 

88$3! 1 0 3 ic IB s © 4^ -v h „ 

[f«*JB 10 7] 

]y*9 KOEJytcffiWWT* 0 , ^ ©/£#>!§•&:* U J? f K^t / i?±©^" U =f 

© OS # © E fll E fl ffi W T* fe S '> ft < tt,2oOffi»*ttfB?J**lg!B , tt5 1 S fc 
i»©llot&!t 'J H t ft*«, * « * fe * *y F o 

[is* a i o 8 ] 

'>ft < t fe 1 o©g§g^<ix.tf ft* y h T'&^T, K»«fctt*y ^5? * U * KfcttSI 
[|*|109] 

$sg©n i si5^©E?iJEffifflWftE?ij^w-r y df ? * K^wt jt/ct/t? 
a»©M2W»<DE5ytffi*f«ftEjij*wr**y3*?^p*^H*w»**fe^/tt^ 

A o Si? l M £ , * « * fc * v h o 

[ffi«g 110] 

$ i i ssrtct/ttfic* y * F©E^j© y >ft < t t>-sis»E*s 
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MMT*$5, '> ft < £ 1 2 o cd # * ft § a k sa j»j % *r -r a is £ * y =f ? * u * * f # 

Ao fcfg 2 §§§ fc , 

U rf? * U*? FCJB 2 g&#©E?iJfctg«WftE?iJ£ It 5* 'J =f ? * ^^"^ F* 

* * s * fc / e ? # a -3 fc £ 3 m fc , ^ ^ e. ic fi a fc it * i o 9 fc ih is © * y f . 
[n*a 111] 

'> ft < t 3 o © !g % fi * fc * -y bT-feoT, 

«it©as 1 »#©Eaifcffl*iWftE?»j%*rr *ss 1 * y 3? * u*^ FAUofti 2 gsg 
t , 

«»©s§ 2as»oE50K:*a?f «aE5ij*wr*g 2*y 3? * u** FtfXofts 3^§§ 

ts ^ix/c^-y Fo 
1 2 ] 

si**tf»2aiJ^iBK:ffi«-rs«a©»3»^offi5ijK:*Ba«ftE?>j*wi"s»3*y 

:i ? * ^ F ^ A ^ fc |g 4 S £ £ £ fc II x. fc , M * g 1 1 1 fc f B « © * «y F . 

im^mi 1 3 ] 

a « 4 * 5 fc flt * fc , II * IS 1 1 1 t 2 « © * y V o 

1 1 4 ] 

»l*^tf»2*«;=f5»*U*^K©EW© / >ft< kt-»»tffl«»T?**, 7 >ft < fc 

1 2o©»«-*wj-*a«EJ"j*wr*tt'&* y =r? * f#a^ fcs§ 4 §§§t, 

u 3 ? ^ i,*^ K©a 2 w^oEWKfflwwftEjyt^-r 4* y js» * i/** k# 
Aofcm5§g§t, **6icia^.fcis*ai 1 3 fcK«©*y F„ 
[ m * m 1 1 5 ] 

* y =r 7 * u * ^ f , / tt ? s g fc & ^ © w ^ # > *ydr?^u*f-F*^ys ; f'xW' 

»r * fc»©'itl3l*l&» LT V5 s I9*S1 1 1 fcfBtlc©* y F o 

im&m lie] 

^ * , it * « 1 1 3 \t ib m © * y f . 
imxm 117] 

.»'« fc + / ft ? tftt * * n T 5 „ 11 * a 1 1 3 fc IB k © * y f . 

lis] 

t/lf^i^eifiE^tiTV^^ ni $ 8 1 1 1 fc IB tt © * y F o 
[ft#3i 119] 

» © m 1 # © s ?j fc ti « w ft e ?y ^ w -r 5 * y =r ? * u * ^ f * # * s * fc » £ fc , 

» 1 8aflOt/8?tf*H,ft*'J * l^*^ KOEJ>J©'>4 < fc fc-ffitfKfflffitt 

[11*31 1 2 0] 

* v F "P-ft o T, 
Sfifc, 

fc , 

^^©^ 2 »»OEWK:*B»WftEi?iJ*^'r*» 2 * 'J =f ? * FtfAoM 3 S§i 

fc s 

si 2 * u =r ? ^ b * ^ k © e ai © '> ft < .fc t - « ^ fc ffl ffi Wftsw*w-r*ffi3*y=f5t 

^U^^F^Aofc^4^ggfc, 
[«*S 12 1] 
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K*tt*s-&5*^ iftiiat'N^j * w*f- K*#a-r*fc«>o, ms^hi 

jfLT^S, If * S 1 2 0 HE K © * v h o 
[ HI * « 1 2 2 ] 

t/l?id^*^««2nT^S, 11*31 1 2 0 KiB«©*y ho 
[ff M 12 3] 

$i£©|g 1 fl5»©E5UKffi*IW38:E?iJ*^-r**y =f ? * ^ * ^ K*tf*S#fcS«i^ 

Ttuts^ i as©* u =r? * u*?- k<d, t /a?.K#n l t v> a ^ « as t 

l^TV^S, 31 2 SSI 
[ff 12 4] 

© * y =i jt * u * * k a $ 2 a is cd t / g ^ ± © * y =r ? u * ^ k © e n k ffl if « ft E 

9J * * L > 

* y h it * 6 E s 

£ i as©-*-/**^©® 2 as©* y :J? * k©kw>& < t t-»»cffl*f 

*«6EijlS, W * m 1 Z3KE«C*y b. 
[H*S1 2 5 ] 

* U :J ? * U * F£tt« bfOft <H2 aS©^-/S?^#^>I*#:7°P-7A^Ao 

K©-»tf >W 9 4 X LfelSJRHVfctttfttttSft, Xft f* 7 a - 7 © M '> ft < t fe 
2 llOt/t?0'>S < t fe llSlcli, luIB^^©E?iJ©£ 2 W#KfflS«ftE?iJfc' 

[ it * a i 2 6 ] 

$i?©ig i «#©E?yK:ffi*i«&B2fli*#-r4* y 3*7 ? F*(itis«fta«k 4 

fcfg 1 ^ggT-fe 9 T, S!i»i*7°P-7©^/S?a, ^ncwJi t fc* y =f? * 

y © - ffi ft m -y 7 y if 4 x t te & a v «g r>* # w- e n , x * ft 7 a - ^ © m. '> ft < t % 

2 iaot;t?©'>4 <ni iiic«, bu!e$i?©e?ij©3i 2 w shc s ii « a e ?y % 

W * 3 * 'J :J 7 ^ U * ^ F ftM^t « L T , 3§ 1 S g§ t , *fi^ft*7K 
[ If * a 1 2 7 ] 

3 * e « , io©*»tti©*»oa5»o*a» tt«©sfc5«K©ttak s fc a * ft 6 © 

S73©^tH^nIt^c-r5<fc97b^«tfflS(©fflS©*yd5?^l^*^FA' ! #«2ftTV^ 
5, l*«126KBlO*?h. 
[ If * « 1 2 8] 

feflS 1 SffiTffco T, l**yn-70t / S? ^ft fctf* Lfc* U =f ? * Ut9 F 
©-fi^A^7'J 2V XUfc«gms^K:JIStf^tte»n, «*{*7P-7©&'>fc < t> 2 
iSOt/8?©'>4 <ttl iltH, M©E?J©MI 1 »»Kfii«4EJiJ*tt« 
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, $ i a m <d * y n 5? * u * * k a ^ m <o e © w, 2 # t mm m & e ?y * £ u , $ 2 a 

»Cffi««4EJ>J*t1-*, » 2 S « k , «xf^7F. 

[ II * a 1 2 9 ] 

2gP^£DE?iJtfiffiW*E?iJ^ ; fr1-^^U rJ? K*tt*Ufc'J #V-2» 

* V * U*^ K*tf »Lfe'>ft < t fc 2 aao^/tt^ft^tfSAft^n-^^Xo 

* v h o 

3 0] 

istfaniiissfeft^aiia&fsss-pjbi, 11*11 25-1 2 9^fn^-at 
t e m <o * 7 h . 

[M£g 13 1] 

m#^o-7ot/'fi?fl'4fr6»)«sft'r^s, 11 * a 1 2 5~i 29v>-rnfr-« 

£ IB WL <D * v b o 
[»*« 13 2] 

t/gf A^fcS l§St, 

^sgoig 1 »#©Eajii:ffl*ii8ftEai**rT as 1 * y =f ? * F^Xofti 2 §s 

, « ft * fe * y b o 

[M$g 133] 

S l tW, 2 Sf^OHCffiltSSKCS 3 W^OEMlcfflffitt&EWSWf Sffi 3 * 

FtfA5ft»4S84?6lc||*ft, 3 2 t IS * O * v b . 

[H*a 13 4] 

[1*11 3 5 ] 

3SlgB#ffSg2#y:f?*U*^K<DE7y©'J>ft< it-»»Ei»«T**, '>ft < £ 

A o ft g§ 5 § #g i: , **6lc«IAfell*ai 3 4 ic f E « © ^ b 0 
[ISai 36] 

*y=f?^i/*^-K, / « ? , f fc a * © n £ t\ *'jd^u*^F^t/i?'Nit 
[»*a 137] 

V> a , Itil 3 4EiB10*7 F. 
[M$3 13 8] 

[ « * « 1 3 9 ] 

t/fif tf^freiBlfiJnTVMS, M * 3 1 3 2 fB « O * v b o 

cif*a 140] 
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* -> b o 
[fll#a 14 1] 

2»»©EWKffi*f W4E?!l*Wr*S 2* 'J =17 * FtfAoftS 3 §g§ 

t , 

»2*U=f7*b*f-KOE5iJ©^ft<i:t»-»»K!miKlftEJy*Wr*»3*y=r7 
[ ffi $ 3 1 4 2 ] 

t'jaji^t^F, t/t?, a*, sftBtnet^Ttf, ^ / ? ^ * u j ? ^ b 

K*tt»££ $ fcttSlS^* y d? >r V*=J- K*M*t5 fc © , rta^a 
ft L T 5 , n * a 1 4 1 fc IB « © * y h . 
[1*114 3] 

t;8?tf.4fr6«l8«nTV^, i*Sl 4 l tc IB » © * y h . 
[ffi^fll 4 4 ] 

AtfAofcSgigggi:, 

'>^<^t^iais©*yd , 7^u^-^F^^«?ti-/c^/fi?^A-3fc^2gggTfe^ 
t, rib 1 aao*u =r? * ko, */is?fctt»bT^ft^«iWfctt»*atftt 

l^l^, S2g^^ F„ 
14 5] 

n 2 s g§ i*i © ^ / s ? ^ « , ^2©iio*'j Ftf#i?n, mm 2 mm® 

* y h f± S 6 E , 

jg 1 tsot;e?J:oji 2 aso^y J? * i/*^ f©e50©'>£ < t «> - as # £ s *s 
w^E5ij%w-rs^yd , 5?^u*9 i F%M*$^/c^2aii©t/e?^A-pfcm3^§§ 

* * 6 fc fl x. § , ISSSi 4 4 IB K © * y F . 

ca*s 146] 

» 1 S « K 14 » tta©Sl»#0EBIfcffl*t»ftE7"J**fL, o fi f t It f L 1 4 V 1 

as # x * ;i/ sp - m 4 T» « it « n t v> § * y =r ? * v * ^ f * * * # ft s ? a o t 

[ II * a 1 4 7 ] 

x*;l/4 J -ilt4ft*±tf»»ft««aitt»?T?*Ss 4 6 K fB.« © * y F => 

[ II * « 1 4 8 ] 
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ffi*IWfcE?y£*rU o & tft ? ft * L T v ^ ft v ^ m x * d/ # t *I JK * ti T 

v**u=f5i^v*f-K*#ii«-&feaiaa©tt ; ?i:, *ntiitit6nft, « it © $ 2 

S5#©E?iJMglif WftE^W U froM8?Kltl LTvaviSaJtfx^jl/^-ftSi* 

t? am * n t ^ § * u d 7 t u * ^ k % ft * * * ft g 2 a gg © s ? t & x ? x ^ % , * 7 

ho 

[ffi$« 1 49] 

[ II * IB 1 5 0] 

IS It © BE *>J ® SB 1 8B#fcffi«WftE?iJ**f U fr-3SftHTll«hft*'J p 7 * 
$I?©K?iJ©fg 2 WtffcffittWaEJUfcET 4#y =T 7 * K*«*S*ft*81I 

ot/smoftszssk, * « a fe * y h . 
5 1 1 

1*11 5 0 IC IB m © * v ho 
[ M $ « 1 5 2] 

«?L«*m*(*5£fli*;fc> M$fii 5OtclE*0*vh. 
[f»*JH 1 5 3 ] 

* >y b t? & o T , 

$I?©ffi?iJ©flI 2 8P»Kffi«W4E?iJ*W U Tf*H*nfc* 'J =T? * 

if A ft 4^ -y ho 
[ IR & 3 1 5 4 ] 

ft ?L Jt *f 8 * $ £> fit * it , M * « 1 53KEiOt7h. 
[ft* a 1 5 5 ] 

^f^'fh^n-^tfAoftSatiAft + ybft^T, R * r 7 J h 7° n - 7 N 

£ 1 J:tf8I 2 I, tVtt?EW»lfeij-iJ =f ? * FC^^y 94 

»l»»tttt ; flc#3»bfcK*y=r5i^U*^H©»ias«'OE ?'J MB *i ft ft E ?iJ £ £ L 
S ty * -y h o 

[M£3 15 6] 

2- Kfctt** /"Oft < ttzigot/'8?«d&, illftyn-7©t/g?tt, 

^ n Mtf » l ft * y a" 7 * p * f © - 7 y ^>rxufc*s*s ^ t *s t>* » & n 

, ®*f*7°P-7©I£'>ft < kfe 2 ilOt/l?©'>ft < t fe 1 Sffitctt, ttftQEft 

© - as a c ffi if ft ft e n * * r 5 * y 3" 55 * u * f . # m * u t ^ s , * ? h . 

[ II « 1 5 7 ] 

, M*l*7°a-7'©M'>ft<i:fe2ffliB©7 u /S?©'>ft<ttiailtca, ^-/s(s4?lc 

# S L T ft p|5 1 H tR S {\f fc ^ U P 7 ^ b ^" f- FftMtf Lt^Sx * v ho 
[ffsRS 15 8] 
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UlSOt/fi?*t», lift7'o-70it/S?li, ftiKfitlLftt'Jd^ 
1/ * t F © - 3 h 4 7 V 9 4 X L ft tti * 5 IMC m Xf ft it 6 ft , II {* 7° P - 7 © M '> ft 

t5*ijd?^*f FA'itilTl^, X £{* 7° P - 7*o 
[ffiSg 1 5 9] 

2a*o*ij^?*i/*f-K*M»**fc2aa©-?->'tt?*#*, s a is © 1 7 e 
bfc» i not 'J df 7 * u*?- h a, a$©E?ij©-gi3#Mi*i«ftE?ij£W 

U ^HiOt/iftlttL/ci2lSOt'Jd^l/*f Kli, |g 2 a$l © t" 7 ft 

£*.S, 5 8 lcBloiI*^n-7. 

[H^iH 16 0] 

*'Ji?*U*f K*WI2*ft38iOt>'8?*$*, ft 1 » 7 ft? K tt« L 

ft < t 6 - «■ t ffi ffi w ft e ai * *r l s m 2 a s © 1- / ft ? tc n m u ft * y d 7 7 u * * 

K tt, S 1 aft© t- 7 t ft* U a" 7 7 F ©'>ft < k fe t ffl 

iWi&E^J^lt, ^3iiot;i?ica2ii<o*'jd?^PttFAMtiitfeD 
, s 1 a$i©* y =f 7 7 is* f- f ttttaoEJuoas^tfflawttfiyj*^ t , %2iio 

* y a* 7 7 U * f- F B 1 § g * ft tt S 2 S II © f 7 ft ? tc # * L ft * U p 7 7 U * * H © 
EMOft < fcfc-»#Effl«ttftE5y*£TS, 1 5 8 lcfH«©M*l*7P-7 

[ffl*S 16 1] 

M»f*7°P-7-pfco T, mmMW7°v~7\£* V p 7 7 U**- F%tt*S*fc'>* < t 
iZijBOt/a?*$*, Htt^n-70tyi?tt, *ftfctt*Lfc*U P~7 7 b 
KC-WtfA-f 7* 'J ^ Xbfctt*SVtc*&tftttf 6*U !i*^7°P-7©^^>ft < 

1 1 2 a si © 1 7 ft ? © '> ft < k 1 a s k a * y =f 7 7 u * t f « u , s * y p" 7 

7 l/** HOt/tt?£#f UT^4^i*tli, Kzkgtftt^T^S, 
[ II * « 1 6 2 ] 

p 7 7° a - 7 * s A o ft Sis * If * ft * v F "P *> o X , 8 p 7 7° o - 7' tt , *'J3?H* 
f F*ltl?tft'>ft(tUilOty8?^t», P77°n-7 , ©t-7ft?ti, ^ ft 
tc # * L ft * 'J =f 7 7 V * t F © - 9 /n 4 7 y 7 <f XlftSS S ^ tc IS It 6 ft T 

[»*ai-6 3] 

fflf^t 8»0E?U©» 1 SP^KffllSW&E^J^^-r** U p 7 7 l/^-f- F*#»«^ 
ft & m Z S 6 tc ffl A , II * II 1 6 2 tc I E W. © * y F 0 
6 4] 

2aii©*yp77i'^tF%M»^-&ftfe§asi©t-7ft?^Aoft§§s%?6tcji^ 
, s i a»o* y ^7 7 t Kaitos 2 gi5#M@tiWftE?y&# s2iso* 

U p"7 7 Htt, P7 7°n-7©tufB'>ft < t fe 2 <tUI 

iHcft* Lft^-y P"7 7 KOE?JO-«»£fflllfi4B?Jttt*, M#S 1 6 2 

$ ft tt 1 6 3 E f S * © * >y F o 

[ i i * m i e 5 ] 

ttft0G8l®£2 ffi »KfflMfi4E?ji, p 7 7° n - 7 © flu E '> ft < H2iSfflt7 ft 
?©'>ft < t 1 a»K#* Lfc* 'J p 7 7 U^-t F©E?iJ©-gl5^tCfflffiWftE^J 
Wf5fc3aSt©»*S*yP~77P*^FtfAoftgH£2&&c«*ft, 11*111 62i 
ft ti 1 6 3 K IE m © * v F o 

[ m * a i 6 6 ] 

I'Jd^V^f F*«iJtft'>4< kfe 2a«©t-7ft?^§fcP77°n-7Tfe^ 
t, p 7 7° p - 7' © -f 7 ft ? t ft tc # » L ft * y p" 7 7 W ^ f- F © - gfl f 7 'J 7" 
>fXbfclS*SV'>KtStf#tt6ftTV'>*, p 7 7° P - 7 o 
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[M« 16 7] 

[ if * m i 6 8 ] 

tu IB t / S ? C £ , MOS l»#©EMEffittWftffiM*W"rs*y:f?*U*?-l s * 
Wf ITV^S, Ht$£ 1 67tE«OllSo 

[ it * a i 6 9 ] 

V * ^ K © ^ / « ? K # * L T ^ ft ^ if ft # ? T? II It « *l T ^ 5 , & S ^ / 14 ? * 

c»*a 170] 

* U P" 7 * U * K * # * $ ^ fc S ? t > 

Fts^T, g 1 2 iw#*'*iu s i tOEtt? ttt* ufc* y J? * 

i/*^- hcs i as#©Eaiicffi*tw&K&i**r i, Mas^^anoEJijc-ap^tffittw 

ft SB w * W t . 2 6 £ y # - # - # ? - ffl K V^c, 7° P - 7 * U d 7 * U * ^ K t , 

* fs is -9- r 5 W f 7° P - 7" <, 
[M$fi 17 1] 

t> a us* y Fofti)iioE?jtf'>4< t & z-JonmrsxTf 7°^ 

*'Jd?fl/*f F*<iff ftftlSfttt«»Ol«Ct/'fi?4jlttt5^f 

o T, ^ ffl II tO t / »?±©* U P*? * H tf»«Stf 'J ^ 7 * K ®8P#<OE7U 

j}- U P'7 * Wtf* K*»tS* 'J p 7 * U** K'statA^ 7'J 94 XStf ^ttTTS 
[I1M 17 2] 

#U =f7 * U*^ F * fsMI * ■& fe 4> ft < ^ fe 2 i«Ot tlx II 1 ll©t 

/e : ?±©^-y df? * u*?- f&> a*s*'j =*7 f©e?ij©h i »#fcffl*itoft 

EWO» 2»»tcffl»«ftEJU*W1-4, 7 1CBIOS8.. 

[ it & a i 7 3 ] 

SftB 1 7 2KEtflJtt. 

[ it * m i 7 4 ] 

&JB-?-/tt ; ?ttAj^6»a«nT*»), C d S e/Z n S ( P 7 / *s x 

;v ) frsjussftT^s, ii * a i 7 3 1 ib n © # m . 

[1**3 17 5] 

$ 2 ffl m © t / » =? ± © * y =3' 7 * i/ * ^ k a s « i a w© t/iiyict'jd?^^ 
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n ¥ ± © * V 3 7 * V * * F ft 5 £ Jft m -< 7" 'J #V X 2 * 5 £ T Tf » M S * 5 X 
r y 7° £ % & $ S £ j£ „ 
[IB*® 1 7 6] 

5 tc ib m © -n m o 

[II*® 17 7] 

#jft^/S?ttAft»&»ja«nT*t), fl*t78?ttC d S e/Z n S (3 7/ 
;V) fr6*)«ShTW4, If *® 1 7 6 tfB«©7?i£o 
[ II * ® 1 7 8 ] 

B * / IS m o 

im&m 179] 

'>fc<fcfc:fy:J7*U**-K3***©-»tfH**T*.*** H * ® 1 7 8 f £ tg © 
[ II * ® 1 8 0 ] 

t/8fii4g©tys7, ¥i#t/fi?» sfc« j en6©ii'&*Ta6*s n*® 1 7 

8©^7tt^Sfc«^7«3fio 
[»*® 18 1] 

t 7 ? & £ ^JB J& £ ft T & *K ^Jfftt/S^ttC d S e/Z n S ( 3 7 / i/ x 
[H*® 18 2] 

#y :i?*U*?-K fc'>ft< 2llOtyt?*t&M»Tfe^T, £§ 

1 |jSOt/ftfl©*U * U** Ktts $H©f! l »#$fctt»te* U 3 7 * i,* 

©if 2 y * F©E?JMsiiWftE?ijft ; fct &s ffl^^o 

[i«*® 18 3] 

tygfflii©t/if, ^i*t;fif, sfta*n6oi^*T?fe5, is*® 1 s 

2 icGttQffijfttt. 

[II*® 18 4] 

^It;i?tt^*^«ifnt^D. ¥#ftt/fe7tiC d S e/Z n S ( 3 7 / -V x 
;!/ ) fr&fctfSftT^*, II * a 1 8 3 fB « © ffl fig M o 
[1«*® 18 5] 

* y 3" 5? * ^ F ft #» « * fe / A o ft fg 2 gtt t ft It * s 

m i gs§ rt © / ? c tt» t fc * y 3 - 5? u * ^ f a > S2i«rt<ot/t?KMib 

fe*'Ji?^*?H©E 81 K ffl *i W ft ffi 81 ft *r L , 

ft 3" ? * P ^ F © E 8J Ml *i W ft E 8J ft W T 5 > 7 -b y 7 U . 
[W*® 18 6] 

t/tt?tt4lOt/8^ *H*t;t?, $fttt*tl6©t^TJ55, 1*11 8 

5 © 7 -t y 7 y 
[if *® 18 7] 

&M*/tt : ?tt&fr5»di*ftT*!K ¥iftt/gfSiCdSe/ZnS (3 7/ ^x 

) i^is^nti^, ii * a i 8 6 t ib k © 7 -t > 7* y . 

[If*® 18 8] 
[II*® 18 9] 

'>ft < 1 1, 2oo»»%tt5iRais, fa©s»^&^«-r5^r*7feoT, 
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ii«t;8?io*yi?^i/^f Ka, as3SKo*aoa5^o5%© 1 o © aa ?u k 

mmts&tfi- /s? «, ^-/tt?±<6* y 3* * k« aft 4* ik t «pw 7>j * 
-rx«*«*ffT?»»«t, tons*, iiiS£A^7'j ^xifttya?* 1 !! 

[»* S 1 9 0 ] 

litSXf 7Xt, 

'> ft < fcfe*Ud7*W*f-HO-ai5#^-/tt?K:|S'&-r5©E + »!a:}HIB, * * T * u 
d 5? * u * * K £ i- / fif % &tt £ ■£ § X r y 7° £ , 

R*^* < tt loOStlpATSSiStffllf *Xf yyftoT, l£i£r§7&©^ * 

vafia, t /a? t»t 5 * y =r? * u^-^ h ©nmsifl s it asuts * , fc&tfts 

5lilP*y=f7^V*f-KjV^y'tt : ?Ktt^LT, fi )£ t ft t 7 ft ? - * V zt ? * V * f- K 

wtsft^ftjSfsot + ^ftiiiinfflHx m » « * -e # y =js ? v^^- f fc^/tt?*af* 

[ ft * a 1 9 1 ] 

t;g?A^it/S?*^iftt/8?T'$^ ffi&« 1 9 0 lc!B«©7?£c 
[ II * 3 1 9 2 ] 

t;i?tfit;i?T^§, m$g i 9 i k ib*©^ a 0 

[1*11 9 3 ] 

y-/JB?fcte£^fliftBI£3l*S-tyiS5#tf 7;i/* yf^-iVT^^ 11*31 9 2£IE« 

[ n * jb i 9 4 ] 

t * t © £ # i in © ii ap t* 7jc t an * a n s > m * a i 9 oiciaaosa. 
[is*ai 9 5 ] 

tt^wiBoaak^t^^iciiqAen*, usai 9 o k e k © £ s « 

[ in $ g 1 9 6 ] 

tu ia m a , KttF'j'Jis a ft v y * $/ *j h , « ft a y * a , 7 y * - 7 , « ft w , * 

F'J9A, W^ffis »g?7>*-9A, £nP>©iM© 2 «±©ffi£#, 'JyllWtO 

cn^scio, y y c ft 6 ©i&© 2 &±©ffl-&-£fr e> «5S* 

s a k $ n 5 , ii*«i9oicib«©^Sc 
[ 11 * « 1 9 7 ] 

SutB^^y ^ii«*oiftt h y 9 at-*§, 1 9 6 \zmm<Dysm 0 
imxm 1 9 8 ] 

'>4<tti ok o n^7i//cm 2 ©affile r- y- / e ? as a k # ft f 3 # y =r ? * u * 

K*#t«^/tt ; f-*y.d?^l/si-^H«!8(*««4**ftSs B * « 1 9 0 IB ffi © 7? 
ffi.. 

[ m * a i 9 9 ] 

* y 3 5? * U * K '> ft < £ t> 1 5 1f3€;l//cm 2 © « ffi ffi BSC ^ / K ? S ffi K # ft 

•r ii.*JH i -9 8 tciBig©^ffi 0 . 
[ m * a 2 o o ] 

/S?affitc#ftf§, alSSl 9 9tcfB«©73ffio 

0 1] 
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'>fc (HI fl£(?>Rtt*y 37 7 b^ K*3tr# 'J 35? ^ b*^ F*i«t57r»; 
7° & o T , &R!t* 'J 3? * b*^ Ktf*"<-tf-W«' fc IgfigPtfft^ U 

[f|*« 2 0 2 ] 

KH^yd^^u^f-Foftx^-it-aJ^Ktt, / s ? k *s & rT tg * w te * ft 5 

»#tf#Wfi£K:«fcoT*StfttW-&nTV>*, !I*IB2 0 lKEloSS. 
[fl*« 2 0 3 ] 

t y » ? # & js t / e ? ^ ^ * ft t y n ? t* $ § , i*S2o it t b * © # a . 

[ w * a 2 0 4 ] 

11*312 0 3 fc IB « © 7a S . 

[ tl * iJt 2 0 5 ] 

**--9--»#tf'>&<i:t>fll 05»^l/*f-K*^tT, Il*«2 0 4lc!fi«©£ffio 
[1*1 2 0 6 ] 

[ff *5t 2 0 7 ] 

X^-ti-©?^l'tf FC^ltf. t^TTT->, f^T^S^s t^T->F'>y, 
T T 5 S' Jftat^T^7-yt*$5, 2 0 6 £!BtOSffi. 

[H*S 2 0 8 ] 

t/li^-^ 1 J3 5?^U^^K«®{*%4^T§^J6tC3j-U3?^^^^Fft-t/S?'\ 

IS IB ^ y 3 7 7 b * ?- F ft iu IB / ? i: , fu HB & 5 il© * V 3 7 * V * F © # 4 © 
[1*1 2 0 9 ] 

^7&?*^S^yS?^*«ft^yS?T-fe§,II*Il 2 0 8 tfB«©7?ffic 
[H** 2 10] 

t/S?tftt/g?T*$S, II * S 2 0 9 K IB * © 15 ffi o 
[ W » « 2 1 1 ] 

&§gn* y 35? * b* ^ F^x^-^-S[5 5^E?,i«#ft *r u ix^-f-^ttt; 
[tt«« 2 1 2 ] 

rise* y 37 * b*^ Fosx^-^-g^Mcii, t /a?.cis^wn6«:'S«a*^ , r* 
as# ct o T«tf(*it 6 nrv> a, 11*1121 1 ctB*©7?&o 

[1112 1 3 ] 

RK* y 37 * b*? KOX^-tf-fflfl-tf'^ft <H»10?^ b*^ K**tr» II* 

g 2 1 1 k is « © 7? m o 
[ 11 * m 2 1 4 ] 

KH*U 37 * b*^ KO^^-^-aSfJ'Wft 10 5?^ u*^ F~« 3 0 7 ^ b** Fft 

* tr , m * a 2 1 3CBiosa. 

[ II * IS 2 1 5 ] 

X^-D--0?i-U*f FOSitf, 1" T 7 7* - y s t^Tf=y, T^TiXhv'y, 
1" 1 X V 5 S/ /U Sftttt^T^T-^tf^S^ 11*12 1 1 K IB tt © 73 S . 

[W*a 216] 

$ ft gij * y 3 7 * b * 9 1 F , B»*yd7^l/*f-K©X^-U--as»K^sn*oi: 
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Sl£Hi;»©?*U*f-K*-&trx W *« 2 l l KK« 

[ it * m 2 i 7 ] 

* m m * y 3 ? * u * h © sb w # , if, m * v =j ? * v * h © x ^ - ? - u & © sa n t 
ici?**, m * ^ 2 i 6 ic % a « cd 73 js c 

[«*s 218] 

*y=f?^u*f-K*« / >ft<fct)2aaoBii*u=r5J^u*^K*^tr, « * a 2 0 8 

K IB « © 7? S . 
[ft *H 2 1 9 ] 

tu IB fe 5 a S © 4" y =f 5? t U * ? F © # 4 © '> * < £ t - SP * s ^ / tt ? £ *s f 5 © c + 
"P $ 5 X r y 7° fc s 

18 f 3 tb 3 a M © * y =f ? * U * K © * 4 © 51 to * 'J tt 7 * U * F ^ t / fit ? C IS £ b 

'Jd?^l/tf Ki:t;i?^«i?t§Xf'y7*J:, 6 * S ffi . 
[M*S 2 2 0 ] 

t;sf*^it/s?A^if*t/?HTfe§, M$g2 i 9 cE*o^rffi. 
imxm 2 2 i ] 

t/fi?/C4t/ft?Tf*5, II* 11 2 2 0 tlBHOTSffi. 

[ ii * m 2 2 2 ] 

t;s? £tt-&RjBBfcB«§**3tt»»tf 7/u* y ^-rt/T-fc W*S 2 2 1 kk« 

©73?£ 0 

[ 11 m m 2 2 3 ] 

* ^ t © jk # 1 m © ii *a t* ?j< k. jp a 5 ft s , it * m 2 1 9 tc e « o * a . 

[H*a 2 2 4 ] 

*#H#M©«ai:#lc|&4fciia*.6tt5, 1*®2 1 9 K IB * © # ffi ■> 
[«*« 2 2 5 ] 

hy^A, bi^, M7yt-^A, c ft & ©&© 2 w±©ffl£^ 
&3iw*n5, is* a 2 1 9 e fa* ©73 So 

[ II * a 2 2 6 ] 

tij^ffitfy ft tFUtfAT-fc*. If * if! 2 2 5tC|B«©73!So 

[fS*« 2 2 7 ] 

H<tfel 0t°n^;l//cm 2 ©Sffl^gT-^/S^SffiKi^ft-r^yrJ?^*^ 

F*wr5^-/'iK?-*yJ5i^i^*^F««#^^^«ns. if *s 2 1 9 hb * © 7? 

[ H * a 2 2 8 ] 

* y rf 5? * 1/ * f- F '> ft < t t» 1 51^nt;V/cm 2 Oliffifit't/Si^SiKSfi 
t«, W*ia2 2 7 tcIB«©73'rSo 

[||*JR 2 2 9 ] 

V dT 5? >7 U * f- F # $J 1 5tf3^;V/cm 2 ~8 4 0 cm z cOSSggft 

/a^Mfcfc&fSs II*JH2 2 8 ^IB«©73?4c 
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imatm 230] 

#ett y rf ? x u * ^ f # x ^ - u- - 3ft t mm® # * ^ u . s^^-^-a^ta, 

12 1 9 K: IB IS © # ffi „ 
[ If * « 2 3 1 ] 

*/*--9--ffl$#tf'>fc<fcfc#jl 0?^Utf-K*^O, M*J»2 3(H;:!3fc©#&o 
[ II * a 2 3 2 ] 

x^-^-gp^*^i o-»3o©?^^f F^tt?, m * a 2 3 nuEio^s, 
[ 11 * « 2 3 3 ] 

X^-t-C3i^l/tf t<T7f->, tttf5>, t < T F >\ 

t^T^r^K ^clit^TyT-yT'fcS, II *« 2 3 0 fc IS K © # j* . 

[ is st? m 2 3 4 ] 

to&mb&OZtl'XI-Ylk'Sts, 1*S2 3 OtIBf o^So 
[If *« 2 3 5 ] 

ft I? Al * V rf 5* * U * f- F © IB fll tf* IS IK * ^ rf ? * U * ^ F © X ^ - +)- - & ft <0 IB Jj) t 
mtH-lb&s 1*1 2 3 4 £ IB §t © 7? ft o 
[1*5 2 3 6 ] 

* u rf ? x u * ^ k # '> * < 1 1 2 a s © m m * v rf ? ? p # ^ f % ^ o , i*«2 19 
IB « 0 # a . 

[11*1 2 3 7 ] 

* ij =f 7 * U * ^ F % ft * L fc ^ X & ? X' & & i- X n ? - * U rf ? ^U*^K«®ft"Pfe 
K # ft L , K * 'J rf X X P * f- F © '> * < £ fe - ffi & , 8 I? * It It 3U CD * y rf 5* * V * * 

K©ffi*u©'>ft< k fe-au»Kffiaws:E?ij*wr 
[ is * m 2 3 s ] 

* y 7 X U * ^ F '> ft < t t. 1 OH3t;l//cm 2 ©«fflffigT'-t/S?*ffilc#ffi 
t5, 2 3 7 fc:1B«0tt«tt 

[ If * « 2 3 9 ] 

* y rf x x v * * f # '> ft < t t 1 5h°n^/i// C m" o^ffiasaT*-?-/S[?asK#ft 

t5, If *« 2 3 8 K fB iffi © ^ 7 li ? 0 
[If *S 2 4 0 ] 

* y rf ? X U * F W m 1 5t!3t;l//cra 2 ~ ft 4 0 t° 3 * ;V / c m 2 Otffif If't 
/ffifSI£§ftt8, M * IB 2 3 9 fc IB « © * / '«[ ? . 

2 4 1] 

t;gf*^it/sfA^f»t;t?f$s, ii* a 2 3 7 Ktzmvi-; 

[If *S 2 4 2 ] 

t;87tf'#t/8?T-fc5, II* m 2 4 lCB«Ot/tt?. 
[ II * a 2 4 3 ] 

K4tt5t/a?TaDoT, & # y rf ? * u # k a '> ft < 1 1 in 

a ©38 Si* 'J rf?xU*?-K*£2K MtSISi*yrf?^b*^F©§^{iX^--9--g|5«- 

fcttBijo* y rf? * i/** Kosaioa < t t-as^tffiawftEM* 
[ ni * m 2 4 4 ] 

^-■9--«5»*-?-/tt ; f eistf strffis*^ty, it*S2 4 3 tiBa©^-/s?„ 

2 4 5 ] 

. X - -9- ■ - ^ W '> ft < i: fe » 1 0 ? x U * ^ F * fS tf . «*aZ4.3lcEtOt/'tt? 
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[ m # a 2 4 6 ] 

[MS 2 4 7 ] 

X^-^-as^OJf^V^f-KOffiS* 5 , f<T7f-y, t < X f 5 y , f^Ti'bi' 
y , f ^ T •> 9 ;W , S fc tt t ^ T y 7 - > T* & 5 II « 2 4 3 ic f3 « © ^ / tt ? o 
[ISS 2 4 8 ] 

*iJd?*V*'f-K* , ^ft< k fc 1 0 t£ 3 * )V / c m 2 ©Sffi!SiT't/l?iIK#S 
[II* Si 2 4 9 ] 

■drVdytirl/Xf-Ytf 'P & < itl 5 tf 3 * )V / c m 2 © a ffl ffi ffi X -f / tt ? g S C # ffi 
tS, ISS24 8CBiOt/fi?. 
[ IS * « 2 5 0 ] 

*>Jd?f l/^f-Kfi'Wl 5tfn^;l//cm 2 ~^)4 0t:°3^;I//cm 2 0«SST't 
/S?affiK#«Et5, 8S*a 2 4 9 Ot/fi? 0 

[ 1 1 * m 2 5 i ] 

t / n ? a* a m + / & ? ¥ m it * / & ? t? % § , » # « 2 4 3tB«ot/'tt?. 
[ ii * a 2 5 2 ] 

t/tt?fl , 4t;tt?f$5, M * a 2 5 1 \c t s * © # ft o 
[ it * a 2 5 3 ] 

4f«<Wt5'>ft< k fe 1 llOimt'J d^l/t^Ft, 
[ If * ffl 2 5 4 ] 

f- < k fe-as^KfflMWaEWS^TS, 2 5 3 tElOt/S? 

[ m * m 2 5 5 ] 

^-tf-»#*^/tt?fc*StfttttSWtlia*atr, 2 5 4 £iaiOt/tt?. 

[ 11 * a 2 5 6 ] 

X^--9--»»« 5/ >4< k fe ttl 1 0?*l/#^F*«tf, IR * a 2 5 4 CEiOt/B? 
[fS#£ 2 5 7 ] 

X^-tf-Watfttl 0~^]3 OO^U^Ffc^tT* II * a 2 5 6 £E«Ot/ft? 
[II5RIB 2 5 8 ] 

> % -T ^ X V 7 ~> ;V > SfcBT^t^7->T?S§v U*« 2 5 4 tiBilOt/te? t 
[ II * « 2 5 9 ] 

t>Jd?n*f HS I *4< 1 0f3€/V/cm z <Dgffi^g-£-tyfi-ygffi&c#ft 
1" § s H*1 2 5 3 ICEfOt/i?o 

[ 11 * a 2 6 0 ] 

t'JdJ!)^f F* ( '>^< k fc 1 5Hn€;l//cm 2 © g ffi & fit t/i?Sffit#fi 
t5, II * a 2 5 9"K 13 m © t / tft 7 o 

[»*a 26 1 ] 

* U =f FtftH 1 5t!n^;l//cm 2 ~^4 0 fat^/c m z ©IISST't 
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/ tt ? « ffi t.# fitS, M*S 2 6 0 £E*Ot>'tt ; ?. 
[ If * 8 2 6 2 ] 

[ If * 8 2 6 3 ] 

ttftftj* 'Jd?n*^ KOEJO^BH* 'Jn^H^f F©X^--y-g|5#©E?U fc HI 
U T & 5 s If * a 2 6 2 E 12 « © ? J U =? . 
[1*1 2 6 4 ] 

t/gftfilt/l^frflfttyi^T^S, If * 8 2 5 3 CE«Ot/tt?. 
[1*8 2 6 5 ] 

t/S7*^t/S?f$5 > If* 8 2 6 4 CEICt/8?. 
[i*S 2 6 6 ] 

11*8 2 3 7 - 2 4 2 o^f nfr-aeiESOft <hi =f* * 

X«*5*ft"Ff8«l«4«Xf^4:, 

Sft«ft***t8Xf v^i:,- 6 # * # ft . 
[11*8 2 6 7 ] 

f|*JH2 4 3-2 6 5 0^fnfr-fltE«0'>iS:< k fe 1 

km* y * u*^ f fc«»<o>w 7 y ^-r a y k <fc r> re c Bjftft* <t 

* W * * Wry/t fr^SSS. 
[11*8 2 6 8 ] 

'>&<£&20©g|5#£^1-&M£^di1-3£ft?&oT, 

ffl*« 2 3 7 - 2 4 ZO^fn^-S£lEiO*5iSOt;fi^-*'Jdni/*fH 

«fi#ta«t«xf^Tt^, *t/8?io*yd?n*?Fii, &»©'>& 

< £ t 2 ■Qoa5»©ffiJiJKffiSIWftE5"J*^-r«Xr y^k, 

t/6?iO*'Jd 7^U*^F£SS?©2oJ-X±©gp#t£W$E/W7UX^X£-e 
[lf*8 2 6 9 ] 

^>^<i:fe2o©gi5^^^-r§^^^^mi-5^ft'efeoT, 

||*8 2 3 7 - 2 4 0©Vfttfr-8K!B*©'>£< H2lS©t/l?-*'J33i^ 

<D + /*4?±©* 'J KttK*»OE5"J©S 2 »»C«}|«4EM*tL, IS 

T T* jB C 5 X f v 7° , 

i^g(t^iitSXf 77"^ 6 & § * ft o 
[11*8 2 7 0 ] 

IttGfltM&ftlcfiaKflg tiStf^SftS, 11*8 2 6 9 EfE«©£fto 

[If *8 2 7 1 ] 

ffimmM&ftK&bQmtf^ £ ft & , w*8 2 6 9 kib*©»So 

[ffi *8 2 7 2 ] 

*tfiPlftft*<t«Hf**iB±'e«*«n*, 11*8 2 6 9 KE«0^g. 
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[ffi*« 2 7 3 ] 

1*fflnIffiftSfcttiaiST**RnIffiftfe©£fcT**3x » * « 2 6 9 £ f 3 * © 73 ffi . 
[11*5 2 7 4 ] 

fe0£fc#H{*aiE±T?W*Sn5, W*IS 2 7 3 ClBKO^ffi. 
[ I I « 2 7 5 ] 

t /fe^tf&S^/S? fr¥*#^ytt?1?**, H*« 2 6 9 K:fB«©73ffio 
[ IR * m 2 7 6 ] 

t/8?i!)^t/li?t**§> 11*1 2 6 9 C IB ft© 75 ffi o 
[ II * II 2 7 7 ] 

t/i?titf L/c*'Jd?^b*f FO, -f J 14 ? E ft * L T ^ & ^ « BP W , ft IS fc © 

£ o TfIIt£tl3s 1*)| 2 6 9 IB 
[ » # fll 2 7 8 ] 

*fKI4S)ie»?'tfilSn5, 1SI 2 7 7 £ IB Sc © 7T ffi o 
[ff 2 7 9 ] 

* K © IB W 14., «iCiS3»»EiH»4fiJlJtf*f, 

g«?t, hu is s « ^ . 7-f7-*yd?<'u*f H*«iksac^'f7y^x«* 

S*ftTT?fii:5,«l#S269li:K«©£tt. 
[1*3 2-8 0 ] 

ttHtff^^XRNAlfettDN A?*S, l*S 2 6 9 E I B K © * ffi ° 
[ ffi * g 2 8 1 ] 

fiiSiiCSISSiafi??*^. 11*1 2 6 9 E IB * © 73 ffi o 
[ ffi * g 2 8 2 ] 

[ if m m 2 8 3 ] 

KIlHiXfDNATSS, B:£S2 6 9 EiE«©73ffi = 
[ II * 3 2 8 4 ] 

fc»tf£tfDNA, p fil R N A > llfitlSSnft^SftttMRNA, t> L < «: * 
jjSttfc*»*ftfc*iRSfctt£rtDNAT?*5* If * 3? 2 6 9 E !B « © 73 ffi . 

[M*S 2 8 5 ] 
tWtftMOtOTJSS, M * flj 2 6 9 E IB « © 7? ffi □ 

[|*| 2 8 6 ] 

«*##y*7--£8*E«iSiB©iitt-e&^ 2 6 9 tcia «©#}£. 

2 8 7 ] 

k«2a«08«ttkHB*ES«*-&*. »*az 6 9 EIB«©73 ffio 
[«*| 2 8 8 ] 

^l/tfFtj$MfciO : A^7 , J?*'fXftlis M # « 2 6 9 E IB « © 73 ffi o 
2 8 9 ] 

n 1 a»0#«{*tfa*fctt»s ni*a 2 8 8 cEKo^ffio 
c'fi*a 2 9 0 ] 

«*#z:*jBT»fc»), / s ? ± © * u =f ? * u * k t © m -r 7 y $f ^ -tf - 5/ a y e * 

oTH*iI^ft* ? 4C5, SURE 2 6 9 E f B §c © 7? ffi <, 
2 9 1] 

km* u =f ? * ]s % K*#»*-efeiii*a 243-252 o^fftfr-aefito^ft 
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4 7* V $4 X £ § £ ft T T* » 8* S •& § X r y 7° t 
CH*« 2 9 2 ] 

BM*y=r?^i/*f-K*f*»«*fe«i*a2 4 3-2 50EE*ov->rnft»-*iciB« 

? ±©KIK*y 3? * F«$K©E?iJ©fg 1 SP^KfflffliWftE^J* W I, n 2SS 

flu 15 m m & , * / ft ? ± © R at * U d 7 * u # ^ K * $ K k M % E /\ 4 7 U 9 4 X Z « 2. 

[|*aZ93]. 

mmmM&i*K&&®i tmrntf^z . mxmz 9 2 Ete«©#ffi 0 
[ 11 * a 2 9 4 ] 

«IK»»*ftK:ttiral»tf'&i: ftS v »** 2 9 2 KlSKO^ffi. 
[ M * 3 2 9 5 ] 

ttmnIfi!ft£{tttH#£ffl±T?flSI£ttS, II * S 2 9 2 K E « O * i* 0 

[ at m 2 9 e ] 

^tHnJteftt^tt^iaST-|i^BJtgftfeO^^T?fe§, IfsRS 2 9 2 E IE « © # ffi o 
[ ffi Si? * 2 9 7 ] 

eosfttfaftasi^sssns, a*«2 9 6 eib «©*?£=> 

[|« 2 9 8 ] 

t/i?i!)^It/S?i!)^iftt/S?'i:-*5, 2 9 2 ElBilC^ffio 

[ m m m 2 9 9 ] 

t/*&?#£frP>»fi££nTV>5, ffi * m 2 98KlE*0*ffi. 
[ISS 3 0 0 ] 

{b*^«T4»?tJ:oT«ll*n*, IR * S 2 9 2 E IB « © ffi o 
3 0 1] 

*f-KI4S)t» ; fT*l«*n*» iiS 3 0 0 ElE«©^ffio 
[ If # « 3 0 2 ] 

lliii l g[i ^ t Sg 2 gfl # © E ffi B IT 3 |g 3 ^ £ W b , * / S ? ± © * V d 7 9 V * 

giS^, IS 13 M « , 7o-t l Jn^l/^f-F^lltSitA^7'J^^X*ft 
3 ft T T iS il S , If;j<rH2 9 2 ElB«©7?ffi [ , 

[ n * m 3 o 3 ] 

«l*«f'f;V7RNASfel4DNAT*5, II * S 2 9 2 E IB 8 © * ffi . 

[ II * « 3 0 4 ] 
iSSA^lHlIG^t'SS, 1*S 2 9 2 E IB « © £ ffi o 

[fll&g 3 0 5 ] 
it^ili D N AffeS, »*S2 92KflB«©»a. 

[ II * a 3 0 6 ] 
iltfliDNAT'fe^ IS*Ift2 9 2 ElE«©7jffio 
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[tt$a 3 0 7 ] 

1 ft fff £ ft ft ^ M t fc & & $ D N A T & £ s M $ IR 2 9 ZEEIOSS, 
[ If * g 3 0 8 ] 

*»#£M©fc0?fc4* m * a 2 9 ztooss. 
[ 1 « a 3 0 9 ] 

mmwxv *7-#mmE.&mmm<o&VB-e&Zs n*a 2 9 2 tEWo^ife. 
[ i» # *■ 3 1 0 ] 

[fl*g 3 11] 

f- f a $ m * ± tf m 7 y ^ x $ •£ ^ > 11 * a 2 9 2 tc fa a © ~h a . 
c 11 * a 3 1 2 ] 

S i*S3 1 1 K IS 8 © £ ffi o 

[ II * 3 1 3 ] 

[ m * a 3 1 4 ] 

R B * U =f 7^W9 L F£tt»£-£/cIl5f<a2 5 3-2 6 5 © ^ 1* ft - a fc IB « O fe £ 
M©'>* < t fe 2 o©g|5#©IB?iJ kifflSWftEKI* *T 5 Xf y 7 2: , 

m%^it ZWl^t % 7, -T v 7 1 , 5 j£ * i£ . 
[ IS * a 3 l 5 ] 

ij =f 5? £ 1/ * F * #S 2 ■£ fe HjRE 2 5 3 ~ 2 6 3 O V> ** tlfr - ® fc 1B«0 '>£ 
KM* 'J =1 ? * 1/ * f- Hli*lOE«©S 1 «»K««fi4E5iJStl, S 2 I«Ot; 

7- / *£?±©isii* y ^ ? ? it*?? tt&m<o^'t7v a >K£-3-cmzzik 

[ 11 * a 3 1 6 ] 

is hb $ m %. fr t u a is t » # * ft 5 , 11 * a 3 1 5 \c ib « © n a . 
cn*a 317] 

lufBSEtt^fttttipfR^'&sns, 11 * a 3 1 5 IB « © 75 S o 
[ 11 m a 3 1 8 ] 

[ 11 * a 3 1 9 ] 

*fflia»ft*fctt«is-eH«nrt6fcfe0*ft:"e*^ it * a 3 1 stfiio^s. 

[Il*a 3 2 0 ] 

[ 11 a 3 2 1 ] 
[ m * a 3 2 2 ] 
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[ft *9 3 2 3 ] 

t/8fCWiLftBI*U rf? £ F©, t / e^lcttif bT^ft^iSgas*^ $ft 

£©-t/fi?±©!Sai# y 3? * i/tf* FOa^ 7'J £V-tf-^ a yei^^Tftfflnll 
fcg{b*£ja*S# : ?fc<fc^TM*ft5, 1*S3 1 5 IB tt © 15 & „ 
[ If * 9 3 2 4 ] 

Kiifflfta^-eii***** 11*9 323 tiB«©^?So 

[ff *9 3 2 5 ] 

«&ttSl»#fc£2»#Olfflli:ffill*S£3»#**ru tys?io*'Jd?n* 
^ HOE?JB, lloll 3 »»K*ia«aE5«*W* -f > 

^^^,S^©^^3g|5^tffifflW^@B?iJ^tT?»7^v-^ l J3?^U^^Kt^6tc 
|«Jt, tu IS & M & , 7o-t'J3?n^^F*lltiaKA^7^VXM 
SftftTTSU, 11*93 1 5fcia«0#iS. 
[11*9 3 2 6 ] 

StliCf'f/^RNASftliDNA?**, 11*93 1 5 IE « © £ ffi o 
[I«*9 3 2 7 ] 

ftRj^ftJRBiaafi??**, 11*9 3 1 5lcfB«©7?i£o 

[11*9 3 2 8 ] 
tHtf«DNAl:-fe^ 11*93 1 5 CIB«<D7J ffio 

[ II * 9 3 2 9 ] 
«»ffJIHDNAT»fcS, 11*93 1 5 tc IB « © 7? ?£ c, 

[ II * 9 3 3 0 ] 

JS«K4tE**tlfc55«S*fel4'&<aDNA-p**, II * 9 3 1 5 t IB « © 75 ffi „ 

[ II * 9 3 3 1 ] 
&»tf&*&jB0fc©T?&S^ II * 9 3 1 5 IB % © 73 j* o 

[ II * 9 3 3 2 ] 

$ ik # # 'j / ■ v - -tf a §i s & m m © & * ?• & § , « * 9 3 i 5 k is m © ~h a «■ 

[1*1 3 3 3 ] 

'tt»*»lkS2M0#ftttfcHl$lc»tt***, 11*93 1 5£lB«o^i£. 

[11*9 3 3 4 ] 

fcllfc* £ 2 aSO-^/tt.? fc«tti«*S tut, SlliOt/8?J:OKI* l Jd?* 
U # F £ » tt * «t O'Vn -f 7 'J * << X 2 * 5 s II * 9 3 1 5 K IB ft © 7? S . 
[ II * 9 3 3 5 ] 

Sl"M»0*/tt : ?tflSttlcttW-&ftS, W*9 3 3 4 t!B*<D7?ffio 
[ II * 9 3 3 6 ] 

ft ft - * m T* & D , -f / & ? ± © * 'J d ? >? V * =f- F t CD m >f 7 V 9 4 V ~ *y a y K «t 
oT£*iI&fttf4C§, 11*9 3 1 5 tcfB«©7D ffic 
[ II * 9 3 3 7 ] 

u n ? * f a le is & ft ie ?y © if i au»c*i«i»ftBa?ij*w u MiBSMtf, «*± 

© * V d 5? * U * =h F * $ ft J» K m 7 U 9 4 X t € 5 * ft T 7? iS t 3 X x y 7 t , 
(b) 1*3 2 3 7-240© V^hfr - 9 E IB UOSlMO^tt?-*' J 3 ? * P 

*fHRS*t, «*fc*StfttttfctlilE*»i:««* •tirSXx-y 7T*&oT, «Sft©t 
/tt? fcttJtLfc* 'J =f 5t ^ U*^ K0^4 <ttl iStt, MIBS»E?iJ©» 2 «fl-K: 

ft t £A^7^^X?t5*ttTfiE:5Xf77"t, 
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[ffsRIft 3 3 8 ] 

(d ) sftMst? n v ten i mm<D± =r? 7 k««<**, sj*« 2 3 

7 - 2 4 0 ©^f n^-®KfB«OS 2 ifOt/B^-* U =f ? * U*? F#tSft ^» 

oft < 1 1 1 asm, s 1 isott8*ot/'8?K<tiLfet'j ^ f©'> 

ft< kfe 1 ffllI©IE?iJ MBIiWftIS?iJ£WT y ft, 

(e) ^ Hi Rj f £ ft ^ ft £ SI IK 1" S X r y 7° i: , *«6£-&tf||*ffi3 3 7El3«0»ffi.. 
[M&g 3 3 9 ] 

s 1 i«o«sftot/'«?J:o*'j =f ? * fp'>4 < t fe 1 s zmm<D 

6 S ft © t ^ tt ? ± © it U d 5? 7 U * f- F © >> ft < fe llSCEWKiSWaEWtS 

b, 

( f ) atttistftttf 2 a§i©tttsft£, s 1 isc«a*k»ttstsxf7 /t* 

(g) *ai^I«a:«ft**«T«^'rv^fc» *S&C&tHI*B3 38fclB«0#i£. 
[flsRffl 3 4 0 ] 

X r 7 7° ( d ) fr, Xf77 ( d ) i ( f ) * , lSfctt*»iil«»)iBb, Hi RJ 
ft^ft^ib^ll«T§s fflsRS 3 3 9 icfB«©7?fto 
[MsRJft 3 4 1] 

( d ) '>ft < kt2o©ai5»*^tyia?ij*wtsfesa3So«s^*udf5i^i/^^K*ffl 
« t « x r v 7 0 t % o t , r g 1 as # i± , iiu a ^ © « ® ft © y- x e ? M>t » l £ * y d~ 

7 * V * =f- K © '> ft < fc fe 1 a » K ffl ffi W T* ft § X r -y 7° , 

( e ) £ * U d 7 7 U * f- K * » £ £ IS tf It fc £ 1 II II © & ft ft fc 8 ttl * # 5 X r 
luESftt*^ U df? 7 liSOWSitOt / fe?±© 

( f ) 11 * JH 2 3 7 - 2 4 0 ©^ftl^-«lCf2tO|g2llOt/i?-4-'Jd^b 

d^i/tf-Fc>ft< 1 1 1 a m if , $s * y df 7 7 \y * f - h © aa ?y © n 2 % # k m n 

Wfte?iJ££lT3Xr"y7°i:, 

( g ) KlStftt 'J d7 7 u^-^ F£ff§ 2 IgOWSft tffiS^t S Xt y 

7° T* & o T , lu IB & ft * s » » 2 ffl ffi © £ fit ft © * / fSL =? E # * t fc * 'J d 5? 7 U * * K % 
tt^* U d 5? 7 Utf^ F S«tA^ 7 U ^-T XS *5*ftTt'gC § Xr v 7' , 

( h ) ^fflWffiftaffcftSR-rs^rv^tH ^sisssa. 

[ II $ S 3 4 2 ] 

( i ) S«KlStf«ttfc» 2 li0«aft^lS^* U d'7- 7 WfF«»?^WT7 
7°TfeoT, lulBSftt^, 'J d? 7 U*^ F t % 2 >IO«a#<Dt 7te?±©^- 

y df ? 7 U * F * 1 5?A C m 7* U X « * § ft ft T T* j& C 5 X r -v 7° , 
] ) KSKHatf#^fc«S-&* y d5? 7 U^-^ F%s H 1 ISOftfi*iS»St57f v 
7T~feoT, tu IE ffi tt 3^ , S 1 ail©«©ft©^7 S?±©* 'J d7 7 U** F k*S^* 
y d ? 7 U * f- F * W flb K m 7 y 7~ -f X ? « 5 * ft T "P iS C ^> X r v 7° t , 

(k) ^(±lBj^ft^ft^li^1-i)Xx-y7 0 k, %*e.f&iflB*a3 4 lKBtOSS. 

[ffi«« 3 4 3] 

X r >y 7° ( e ) * i tf ( g ) » X r y 7° ( e ) , ( g ) , ( i ). ft 6 tf K ( j ) * 1 
[ M * 5 3 4 4 ] 
[||*« 3 4 5 ] 
[fS*a 3 4 6 ] 
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[M$g 3 4 7 ] 
[.If * « 3 4 8 ] 

SKCtt, 1 O0«»[»i ©«$©gB#©«tH, *ft©ltft3fca©«ms Sfttt*n&© 
W73©^ffi^nft^c1-SJ;9 7^'l'«t«^(Dail©*Ud , 5?^U^f-KAM^«^nTV> 
5 , «5RS337lCfH«©^ffio 
[1IS 3 4 9 ] 

S«*JHJftJBfc«tt£tfTftaiRTfi&;S:« ft If * IK 3 3 7 K iE« ©# iS. - 

[ m * m 3 5 o ] 

a«*M»fcSttS#T*ttiBrt6ft« II: If * ill 3 4 8 t IB * a . 

[ » * « 3 5 1 ] 

«anrffi&«{ti4)t*ax + + ^-e«**n*, 1*93 3 7tciH«©73ffi 0 

[If * lit 3 5 2 ] 
[|*S 3 5 3 ] 

* * 3 5 1 £ !B « © £ & c 
[If *« 3 5 4 ] 

{*©*m**6jBjasft, *api«&a^tt»**o*^T*»*, is* a 3 3 7 1 e 

rio 

[ w * a 3 5 5 ] 

Mii&fr&j&jastu t/s?Bi^6®i3n5, i»#S3 54ici2«®2fffi. 
[ if * m 3 5 6 ] 

[If M 3 5 7 ] 

£££ 7 b'f LT^ *««©* U 3 7 * Ut?- K©£4 2 OiDtil K BEB£ 

S 3 4 8 t£l©Jgo 
[ If * IS 3 5 8 ] 

Mtt&fr&fciasft, t;a?ii#fr5)g)Ssn5, is*a3 5 7 t!B«©^So 
[is *« 3 5 9 ] 

sstsPiiSitTiMomitas, is*is 3 57 1 

[ If * II 3 6 0 ] 

(a) *'Jd5i^*f K*Wi**fti*i*lt»»«**Xf??T*9T, k* 
U =f7 * U*^ F ti:fttEtttt<D£?iJ©$ 1 Wfl-lcffllitWfcEaiftfc b, fuIBSftm, S* 
± (D * V 3* 7- £ b * f- F t m m * M 3& m W 7 V 9 4 X S ft S £ ft T 7? j& c § X r y 7° 

( b ) i *fett*»©as©si«Ji-uJ7^u*^F*#**«fetB*a2 4 3-2 50 

Xr y 7°T*fc o Ts Ml S fc U 3*7 * b* F ©'>fc < £ t 1 811 

fituiE«»©E?J©£ 2 ffi#fcffl«!WftIB7iJ*£ b, tuIBSM^ t;gfl©tyd? 

* U * F * lu IB m M t M to t m -f 7 V 9 V X * ft 5 * ft T T? £ d § X t y 7° , 
(c) *a.Bj*Eft«ft***-r SXf y fr£.j«S£Sco 

[ISM 3 6 1] 

( d ) m li * 'J a' 7 7 b * K * ft « * ft fc If * 9 2 4 3 -2 5 OO^f nfr-lKEi 
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IS IB « j» , £ 1 fc <k tf H 2 a g CD t 7 fft ? ± O * 'J 3 5? 7 u * f. K ft £ % K m Y 7 U 7 
-f X £ € 5 * ft T T? jfi C § X r y 7° k > 

(e) &ttimf£ft^{fcftIi?R-f;§>7Ty7k, *se>k:^ty»*^3 6 0fcfB*©^So 
[ffi&fi 3-6 2 ] 

tt?±-0*'Jd?{rl/*f KO^ft< k & 1 M © E £0 Ml *i W ft E ?<J ft =ff U 

(g) $!±Wt£ft^ftftfI»l1-37Ty7k, £S5fc'&tyiS#S3 6 0fc:iEfi©;£i£. 
[ is m m 3 6 3 ] 

7ry7 (d) *k Xryy (d) fe i tf ( f ) fr* 1 $fett*»01Dgl, * Hi "J ft 
ft gft ft IIS? t § , fl*a3 6 2lcfB*©^?4o 
[IS*3S 3 6 4 ] 

( d ) < 1 1, 2 •ooa5^*dtyffijij*^-r« ssisoa^* y =f7 * u*^ K*a 

it«Xf77'T'fecT, KS 1 »»I4JB 1 i«Ot / S? iO* U * HO 
ft < k fc ilitiffiN?*S7f^i, 

7 U f- F k S» t ^ W 7" U 7 >f X S % §k ft T T £ C § X r y 7° k , 
( f ) R||*U=f5l^U*f-F*W3i«*felll»*2 4 3 - 2 5 OOV^-fttfr-SEiH* 

HC'>4< k t Hill, :* y :df ? 7 U * f- F © E ?0 © II 2 g|5 # £ *S fi W 

'y/t'SoT, tC 12 « (Hi > H 2 8 « © t 7 g ? ± CO * U =f 5? 7 U * ^ F ft £ £ * U =f ? 
7 U * F k £ 5a t ^ -Y 7 U X -f X t « § * ft T T- j& C S 7 r y 7° k , 

(h) &ffipJftftgfcfttig?-f37Ty7"ks ft£P> tc^t? It **S3 6 0 ME «©£&o 
[Iti 3 6 5 ] 

( i ) a«Eistfwttfc» 2ai©tyt?^is^*'J =f? 7 f tssjtsxf 

y7°T*&^T, tufB^M*^ % 2 IS © ^ 7 tt ? ± © * V d ? 7 U * f- F ft IS £ * 'J d 7- 
7 U * * F k * a -Y 7 V 7 -f X $ £ £ * ft T ? 13 C § 7 r y 7° k , 

y/T'^-jT, to f 3 £ « #\ B^* 'J d? * K*S 1 aaot/tt?±o* u ^ ? 
7 U * =f- F k W J» fc ^ -Y 7 »J 7 -Y X S * S * ft T T* 13 c § 7 r y 7* k , 
(k) ft a 1i ft £ ft ft m f 5 7 r y 7° k\ t«6C&tr|||*a36 4lc|B*0*a« 

[ is * m 3 6 6 ] 

7 r y 7° ( e ) « <t tf ( g ) *V 7 r y 7 ( e ) , ( g ) , ( i ) , ft 6 K ( j ) ft ft 
lSfctilliS^a^Mb, Ml±lnl^ft^ftft«^t?). HfS 3 6 5 
3 6 7 ] 

as«*»awfta«*fett^awftefeai«"p**, m a 3 e 0 ic e « © ^ a . 

[ffl$g 3 6 8 ] 

*aniii*s<bt4as*±t*^«mfeiB«©»<a'ea6*, is*«3 6 7 ib « © 7? a c 

[ I « S 3 6 9 ] 

t/tt?#4It;8 ; fi!l<*»*t/87T*S < IS*« 3 6 0 K E«©3ET-ffi. 
[ft* * 3 7 0 ] 

7 fi ^ A 15 # S fc ^ SB ^ 5> .ffj ^ T S s I« * S 3 6 9 K IB tt © H ffi . 
3 7 1] 

l o©^»^©ffiS©gP»©^tii, «ii(©Sft §^^©^HJ, SftlUnSO 
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a$i3 6 otiaio^g. 
[ m * * 3 7 2 ] 

Stt**»fifc»«£tf Tftttinrtefc*{t*£Jii**, ffi**3 6 CMC IB « © 73 & o 
[|#S 3 7 3 ] 

IS*i»8l:l««tT«IBUilft«it*4)St5s 11**3 7 ifclB«©£iS. 

[ Ml * * 3 7 5 ] 

ttffl"Iffia«{bt4)t^S^^ + ^T*ffiS«tlS, 11**3 6 0 \C IB « © 73 ft . 
[ II * * 3 7 6 ] 

t&fEft^£X**-f-tf¥£§JX** , ?-T?&5» 11**3 7 5 t IB * © 73 ffi o 
[1*1 3 7 7 ] 

tufBX+^^^^^-xy-;l/iJSfB%ft*BJfg*V7h'>x7^^i!cLfcny^a-^ 
tiUSb, ?V-X^-;t/$J£lii£itK LT, &ffiLtcftl§©;£«W«££}f «lT?>, If 

* * 3 7 5 (C IB « © 73 & o 
[ M * * 3 7 8 ] 

t/c* U =f 5* 7 U*.* Ftf 2 rp©**fflt EBSft, &® ft © t 7 & *« 
»oa8fr««?tl, ^t±i Rll!i&£{fcttll«*©«'fl:T*fc 5s II** 3 6 0 £!B«©73 

[ If * * 3 7 9 ] 

Mtt&fr&»J«*ft, ^Vtt^tt&frBfcjatSftS, »**37 8 £!B«©7?}£ 0 
[ II * * 3 8 0 ] 

S«£i8Smkgft£#T«it*©lHfc££U£#3, 11**3 7 8 IB « © 73 ffi o 
[II** 3 8 1] 

S ft K 7 V tt ic it m L T ^ § II ft © # 'J =f 7 f U * 7 F © # 4 2 o © « S H 12 fit $ 

n, t;87ii#tfto«flfr^is*h, *mnrtfcft£{tttM*©SHfc-e&5> 11* 

* 3 7 1 lclB«©7^ii„ 

[II** 3 8 2 ] 
[II** 3 8 3 ] 

lI*i8iHJ:I)»?f T#t$Otft^ii;$^2> II * * 3 8 1 K IB * © 7? ffi o 
[II** 3 8 4 ] 

'>£<kfc20©g|$#£WT3ftI?£&ffit373?*-e&oT, 
(a) *'Jd ?n*f-H*#*S*ftIS!:ai*8»*ft5Xf77'?^T, M * 
U d? * ^7 F«tulBftI?©E?iJ©S5 1 SUtfKffiliWfcEfl** U 1UK»«ltf, Sfi 
± © * U =f 5? * u * f- F k ft ft * W » fc ^ 7 'J 7' W X « * § £ ff T 7 j& C 5 X r y 7 k 

( b ) 1 $fctttttt©a»©K»*U-d?»^*^K*f?f#«*felil««2 5 3 - 2 6 3 
©^•fftfr-«^lB§c©m iilot/8?*, SfcfclStfttW-feKIKttai:**!*** 
7 r y 7° tf fc o T , K 1 S 14 *» O a»OB* * 'J ^ U * f- H © * < t. 1 ■ W 
&fufBftS8©E?iJ©!g 2 SB # (c *g }| ft £ E ?U £ W U BufBStttf, ^-7«?±©K»*U 
d ? 7 U * 7 F £ 15 IB ft 8? k M % C ^ -f 7 D 7W X * * § * ff T T* jg c § 7 7 v 7 k , 

(c) «fflnjaEfc«ffc**g-f 3XT'v:/k. fr6fi8**ffi. 
[II** 3 8 5 ] 

(d) s*Kigr;#itfc» i asot/tfc?^ s»*y dr? * w*?- Ktftt» tfcffl* 

*2 5 3-2 6 3 © ^ 1* ft - * k: IB ft © IS 2 8 $t © 7 7 ? tSMSft § X r >y 7 T* 35 
o T, MS 2 Mot 7 St? ±OB«* U =f ? * F ©'>£ < k fe 1 IStf, IllfH 

ot/s? y ^ i/tt ko'>4< k t i a © ib jy k. m fit w & e ?>j * * t , m 
mmmtf, % 1 » * tf ^ 2i»ot;8?io*y 3^ u*t K*watA^7^^ 

(e) ^HiBl^^^{k^il^-rSXr>y7k, ££&£-&t?ff*«384 £fBil©73&o 
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[ it * m 3 8 6 ] 

ig 1 m © x 7 s ? ± © 1111 * y :J 5? 7 x f © '> ft < 1 1> nitf, n 2 a 8 © x 7 

©?±©* 'J rf? * PtfX" FC'>4 < t t> 1 a»OE?iJEffl*l«ftE5"J*^ U 

' K ^ -f 7" U X >f X $ # § & ft T T? jg u 3 X r y 7° t , 
( g ) *£ainjl£ft^fb£ffl§K-f3XXyXk, ^?5t^tfH*a 3 8 5 ttei<D^So 
[ Ml $ 3 3 8 7 ] 

X r y X ( d ) *V X r y X ( d ) *5 «fc tf ( f ) ^*lS/£tt«»ia»l3jgU, t±l BJ «6 
ftg{fc*«ST^ ffi«« 3 8 6lCfi«0^a. 

[ 11 * IS 3 8 8 ] 

( d ) '> ft < i:.t.2ooai5^*^«yE?ij*wt«a&5a«oiK'&* , J=r5J^u*^i f *ffl 

ft < H 1 i^(ctliWT*65Xfy!/t, 

(e) is^a-y :J * * u** k*, attfcfitfttfrfes i aao^/tt^fcatt**** 

r y X T* & -3 T , bu IB ftfe ^ , S£*y:i5?7U*XF£tglSii©X7&?±©*y3" 
7 7 U * K k W » K ^ ^ X U X << X $ « £ £ ft T T j& C 5 X r y X 2: , 
( f ) mm* 'Jn^l'tf Ftftt* Lftff *S 2 5 3 - 2 6 3 © ^ t ft - 8 £ IB tt © 

KO'>ft< k t 1 9 $1 * U 3 5? 7 U * X F O E^J © ffi 2 fc ffl ffl « ft E 

n * £ t s x t y x k , 

( g ) a <e k *s tf w it ft n@ * u =r 7 ? u * x f * m 2 a m © x 7 e ? t & m * « 5 x x 
7 x -e $> o t , tu t b x X y x # , s 2 a $ © x 7 a ? ± © * y 3 7 7 b * x F £ $s * y 

n 5? 7 ]✓ * X F t M m K >n -T X y X >f X $ ■& 5 * ft T T? iS C 5 X X y X i: , 
( h ) ^fflnJi^Ift^iitSXtyyt, **6£-&tril*3a386K:E«OSffio 
[ff M 3 8 9 ] 

( i ) SfcfcHStf ttlt ft HI 2 Hot / 'J =f ? 7 U*X F «f»? t^f 

•yXT'feoT, gtHEStt*^ 'J dT 5? 7 U * X F * H 2 88 © X 7 fi? ± <D * y df 5? 

7 * f- F k W 2b K ^ 4 X y X -f X 4 * § * ft T T' SB C § X X <y X k , 

( j ) s*K:tetf(5rttfeig'&* y 35? 7 i tsss^sx 

5? 7 1/ * ^ F k m to C m W X y X ^ X S § * ft T T? j& C § X r y X , 
(k) «fflfffiftg<k4fiKt5Xf **6lC'&tr»|*«3 8 4ES*OSj£. 

[11*11 3 9 0 ] 

X r y X ( e ) tsZXf ( g ) *V X r y X ( e ) , ( g ) , ( i ) . ft 6 tf K ( j ) * ■ 
1 SfelilfBiDIU ttHlBrffiftaEifc*^*^*, 3 8 9 lcfB«075ffio 

[ II * « 3 9 1 ] 

[1*1 3 9 2 ] 

[ If * 3 3 9 3 ] 

X 7 n ? & m X 7 ffi ? ^ ¥ « I* X 7 & ? T? fe 5 , If * « 3 8 4 IB « © £ j* . 

[ if * a 3 9 4 ] 

t/fifiC^Sftliffl*>6«iSSnT^5, 19*5 3 9 3 CfBi©^ffi. 
[ffi$g 3 9 5 ] 

»«ttt, i o©«»*o«tt©gp»©*ai, ?is©Mft 3«»©8iak ^fttt^n&© 
ffi^otta*^t6tt5«t57u-i'«tS[a©a»©*yd3i^u*^F^#**tiTv^ 

5 s B*S3 84lC|tC3SS. 
[ II * « 3 9 6 ] 
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[M$3 3 9 7 ] 

S***ftfckBtt*-eTftltii3£fc£fc 11*5 3 9 5 KfBKC^ffio 
[ffi^fl 3 9 8 ] 

^aiM&igib&^sx^^ffig^n^ n * 5 3 s 4 © 7? & 

[ft* a 3 9 9 ] 

ilfcft^a***^ T-ifcS, 11*53 9 8 K E « © £ i£ o 

[If *5 4 0 0 ] 

KUSU ?U-xy-;Hl5£ffi£ft* LT, tttU t fcfcfKDJg * «»!I5£* ffl$? S, If 
*S 3 9 8 K IB « © # ffi c 
[fit *5 4 0 1] 

» k e ft * t * u df 7 * v * ?- f # 2 o co a ffi m k is ■ s n , a « (* © * / k ? a « « 

[If *5 4 0 2 ] 

« m a & h & & z n > t/s^i^^eMins, if * 5 4 0 1 t is « © -n m . 

[|R *5 4 0 3 ] 

H^Sifitgtt?*T|t$Otft^4t?^§, 1 IE « © # i£ „ 

[M *5 4 0 4 ] 

SSK 7 U-f ttfctt« LT^ Sfflifc©* U 3 5* * U ^ F©S« 2 ^©WffifS 

tu t/fimi««i*©«Pfr &^$£tu *Hipjii*sg<btt***os{k-efes, w* 

53 9 7 
[11*5 4 0 5 ] 

tlli^A^fl^n, t/lif liifr^JBS^ns, If *5 4 0 4 lcfE«©73 fee 

[If *5 4 0 6 ] 

»**«ft8fc«ttStfT»**©£{b If *5 4 0 4 KlB«0*ffi. 

[If *5 4 0 7 ] 

'JJ^l'tf Fli-HO »« © HI £ E fi 2 ft 3 t: £ £ > & * V 3 5? * u * f- jj 14 fg $ 

m©E?y©jg 1 as#EfflMttftffiflj£*r u idiBStt^, as*±o*y =f? * h*- 

tu IS «E tt fc S» C ^ 7 U ^ -f X $ ■£ § £ ft T T* S3 c § x r -y 7° £ , 

(b) «*K1« tf f5j-^fetuffi«**JB 1 iaot/fi^fclilill^tSXff ^$5T 

Ulitt, tfliB*»0B*y©»2 8P#fcffi«W*iBHI**i U HI IBS Ml tf, ^/tt?± 
© * U n ? * u t * H * Kt ! 3 ® Wt £ M % K ^ << 7 'J * X $ * 5 ft ft T T? S C § X r <y 7 

(c) il$Og{t*«Hlt5Xf<y7^ fr6l£**ffi. 
[ IS * 5 4 0 8 ] 

m&Ktt. 1 o©***©it»oa5»©*a^ ««©gfc s«st©*ftttK sftttttiso 

WOIBJC»*E#«**fc & 3 iJBO*';d7»U*^Kttt5, 11*54 0 7 
[lfl*5 4 0 9 ] 

t/8ffftIfrB«S2ntl^, If * 5 4 0 7 K IB « © 7? ffi o 
[11*5 4 1 0] 

^■/tt^tf^sfeiiJifrs^iasnTv^*, w .* 5 4 0 7 1 ts m © # & . 
im *5 4 1 1 ] 

Jt««f8iftfii:«*llS-a-T#**©«^*4U«**s lf*5 4 0 7 tcfE*£©#ffio 
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[ m * * 4 1 2 ] 

7-?&oTs toiB*/ffi : ?tt*»*fi»nite***!Bfr &j&jasnT^5 t Kt, met/ 

±<D*y =f? 2 U*^ F©'>4 < k fe 1 ISH> » 1 iI®t;i?iO l ££««$(© 

(e) a»«^©^fk^^m-r^XT-y7°t, *«li:tt!|*l 4 0 7 

4 13] 

±©tf U rJ? * U*^ FO'>4 (Hi aJBOEW K tiM W 4E W * W U 

( f ) asKtttfM^fe»za«o^/tt?*s i is«)t;8?iftit*5Xf^ 

(g) eg^©gnbft$tti^£Xiry7°k,ft£5c^ty»*84 i 2 k is « ® # a 0 

[|*S4 t 4 ] 

Xr-y7 (d) fr, Xf7 7" (d) iff (f) fr*l$fctt*«EI*»>3BU j»*^© 
ft ^ tB t 3 s 1*94 1 3tcffi«©^ffio 

cn*a 415] 

n-7 IttMWf -v 7°T*&oT, H*^n-70t/tt7« , t«*fc#iifl4« 

»^6)gjasftTfet), mtio* y j? ^ i/t^ kc>4 < 1 1 i isb, mi mm 

&E?UftWL, HufBStt*^ i?iH*7n-7±©* 'J * H k H 1 

( e ) »lt^©S{b^^tU-r?>Xr-y7°ks ^$otc^tyaf5t<iM 4 0 7lcfHig©73i*o 
[HI #8 4 16] 

v d ? * u * f- ks - a © * fi © m k e ■ * n s t « t , m * v =r ? * u * ^ h « tft e & 

m © E?U © S l SP5> Cffi»«4Ei*tl, WE'SB* 5 . 'Jd?^*? K* 

SU?t5Xfy /T'^oT, X& ft 7° n - 7 ± © * U =f 5? * U * ^ F © '> * < H HI 
g}#\ ffi!B$K©£f 2 WaoEWfcfflttWfcEM**! U «mf*7°a-7©^/fi?«:« 

* f- F ft fu IE ft » k £ » fc ^ W 7* U * -Y X £ £ 5 & ft T tf @ EL § X r y 7° 4: , 
(c) il*»fft%tttltUf7y^ 
4 17] 

^^©^ttj^ffiT-feoT, s * ± t* ff n , ^ o « » © # a , * ^ fc/ctt^©^^^ 

^X + ^tT'«tli-r5XT-y7°*^BSc5^ffio 
[11*8 4 18] 

tu!3ftMX*-¥^tfi f i£gyx^^-e&5, 11*84 l 7tcfE«©7?r£o 
[ II * « 4 1 9 ] . 

icifiu ^i/~xy-;l/ifll£flIftft*bT, bfc^K©S«WiJ^ftig«T?>, If 

[f»5t<8 4 2 0 ] 

Mf3X^ + ^ftyu-x^-;l/SyS«ftH-»Bjffi^V7F7x7ft^«bfe3yvfa-^ 
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tigL, m®<D&&, $ fctt^©W73^stt«icas-r 11*94 1 7 k 

IB 8 © 7? ft o 
[lit*® 421] 

11 * m 2 3 7-2 4 2 © i^fn*- 3 \c mm © t x m - # y a" 7 y v * 9- f # a 

[If *Ifi 4 2 2 ] 

ffi$£ 2 4 3-2 6 5©^Tftfr-®EI5«©tXtt?tfAoftgS§ft^t?*y ho 

[IS*® 4 2 3 ] 

'> * < k 1. 1 « © * « # * * n ft & * ft « a , m m m © n t m m c # « * -a- ft * u a" * 

*l/tf-Ktf#ftt«> * y h 0 
[ IS * a 4 2 4 ] 

1 5 M © * y ho 

4 2 5 ] 

skew*** < fc t> 1 a»©a«*y ^ ? y 1^*^ FtaRtixf* 7t*&^ 

T, SIlb'IM^ y =f 7 * U** KOEW «'>ft < £ fc 2 0©g|5#ft ft 5 Xt y 7 fc 

n * a 2 3 7-2 4 2 oi>fnfr-aES!ioi sftii*»oisot/8?-*yd? 

SfEWlLft^U ttyttU** h'ffli+'J HO-»^OEWEffl««* 

±± a & © t / & ? tc n m £ ■& ft * u d ? y u * ^ k ft a * u =r ? » p * ^ f k t a e m 

^7'J?^X^t, ^OSS, ftfiftOt / 6f 'J J ^ I't f F 3 ^ ^ ia ^ T 

l^t ^ F i: ft tg {* ft S ftt £ ?> X r -y X A^IWS. 
[1S*S 4 2 6 ] 

ajR-EM * *'>a < 1 noiist y 3^ utf F^sffitsxf ^ yt^ o 

T, *a*oa<S*UJ7*U*f-K©EJ<Jtt^ft< k fe 2 ^©SP^ft St § Xt y 7 t 
II * a 2 4 3 - 2 6 5 0^fnfr-aCEi01 S ft tt*»OiSlO t /S^tlftT « 
Hl^t 'Jd'^l/tf F©g|5#©E8JMI ; BW&E?iJftS't S Xt y 7° k , 

t / tt t ± © *• u d 7 y u * t f ft iiis * y =r ? y u * t f k s $ e a 7 y ^ -y x $ 
s * © *S a s * 7 tt ? * y ■ dr ? y 1/ * t F 3 * y * K J: o T - It C M fc & ft ft m 9 o t 

[ II * « 4 2 7 ] 

ii * jb 2 3 7-2 4 2 © ^ -r n * - m k ta « © >> % < kt2iaot/8?-*yd^ 
m i iio^ftftot/sfKtt* t ft* y =f ? y u*^ Ha, s 2 aao^taft:©^ / 

tt ? K * L ft * y rf 7 y U * ^ F © E 81 C ffi ffl W ft E 81 ft S L , 

n 2 a ?i © ft a © t / is ^ # « l ft * y n ? y * ^ f « s s i a n © a « (* © * x 

tt?K«»Lft*U y FOE?JI<:ffliN4E?J*ttSXf77 , i, 
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[1*1 4 2 8 ] 

2 4 3 - 2 6 5 © ^ "ftl - JPHC !E « © '> ft < it>2lS©t/8?*Ittt5X 
1/ * f- F © IB 81 K *1 ffi W ft IB ?U £ * L , 

m 2 ±©8*# U rJ? * U** F B, I 1 lSOt/li?±Ot 'J ^ 

HO IB 90 ic ffl ffl W ft IB?U * £ t , 

t y s ? ± © * y =r ? * i/ * ^ f # s wc t s» e m -< y v 9 << x t x , * © *s * , b? m © 

twf7 a. 
[ 1* * m 4 2 9 ] 

|«| 2 3 7 - 2 4 2(D^fnilf-aKfB*©t/fif-*yJHVt? : H«fitt^6 
[ffigg 4 3 0 ] 

ltS 2 4 3 - 2 6 5O^'fnfr-«KIB«©t/'tt?^6«l««nfet/0«*fettt 

Site «■?/«». 
[fisRIS 4 3 1] 

11 * 11 2 3 7-2 4 2©^t*n*»-siciB«©2oa»J!u±o^ytt : f-*y=f7*p* 
tfe* y =r 7 * u * ?■ FtiaiRSUoK^ft < 1 1 2 ocas^© 5 % © 1 ooeju 

WftE?iJ*WfSXTy7i:. 

£ © ft £ }g f» £ # 3 X r 7° t s 
[ffi#fl 4 3 2 ] 

H * E 2 4 3-26 50l/^nfr-«fclH*©2«a«±©*y!&?*«{KtSXTV^ 
'>ft<tt2o©g|5»c7)-5^©l^Oia^JEfflffi«ftE?iJ* ; ft-r?>X'r^7 p i:> 

t y is ? ± © * y rf ? y u * * f * a « a t m a ft * ft t t* m ^ 7 u *v x * # , t © 

[If M 4 3 3 ] 

* y d 7. y is * 3- f tptf m t tc -r y a ? t? & § , t/i^-fj^^^i/tf f«s#t 

[ft*S 4 3 4 ] 

& o t , i*'jd?^b*f Ftf, y » ? k *s «j m ft a *r ts £ t § # y * * - *> is & 

WtSfto 

■ [ 11 m m 4 3 5 ] 

* y d 7 y V * 9 F it m L * y IS ? T? 3b % , t/S^-^'Jd^^U^f-KSSft-? 
feoT, lt'Jd?^l/*f Ftf, y fif E$g-&nIft6ft«W*S'&t 5 ^x/b7 -c F-gfl 
a % * L s H * y =T 5? y U * * F © '> ft < 4: t» - ffi *HSfctt8iJ©*U^7^U*f- 
F © E ?0 © ft < t"fe-»»K«iW4fiM*tt«, «S ft - 

4 3 6 ] 
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[ f it 5t< IS 4 3 7] 

5 S tt 4 3 6 t !Efc©ft«#o 

*y , *7*J'*f-K*' / >ft< 1 0 t! 3 ■=& /P / c mOSI^fiT't/fi?SSt§4t 
4 , It * S 4 3 7 IC IB * © ft tft f* o 

t§, »$« 4 3 s csi««a*. 

[ 3ff J|| 4 4 o] 

tid? * U*^ Ktffi 1 5 D?*/ c m 2 ~m 4 0 ^^1// c m 2 0«ffi*St?^ 
/8?«iSC#ftt5, MM 4 3 9 ee*©#8tt. 

[ II II 4 4 1 1 

t;t?^ityfi?wf»t7fifn5, m*S4 3 sifctn 3 6*cK«©ft 

[ Iff 5f< IB 4 4 2] 

t/tt?^*t/tt?T?a&5. w**4 4 1 icta««ftMo 

, |*S 4 3 5 * 4 3 6 K IB It © ft S i* . 
[ It 5)< Ifi 4 4 4] 

n^KM-ettim'e**** fcHttsftT^*, n*«4.4 3 idE«©fti2fto 

x™-?-»»K:«, X^-^-g[$ tt ? E !@ ft § « 3 * X ;V 7 * F B IS S £ 

*ri-s»##, i±wg^tioTisy#it?»n§, 4 4 4 KiB*©ftiaf*. 

[ a* t£ 4 4 g] 

afcttSfcJoTtttftttf&ft** B*« 4 4 4 tE80«S#. 
[||t)j^447] 

^^-^-as»««/>a <H8io? * u** Y*i$ts, rn^fi 4 4 2 KEiofts*, 

[ItM 4 4 9 ] , , 

^_ t ^5i^^FOSl^ t^T7f-y, T^Tf-^y, ^tyhy/, 
t^T^? 4 /*, *fctt-r^T^7-^-e**s »*W 4 4 8fclB*©#«f*. 

[ b * a 4 5 0 ] „ _ 

«iSOfKljtyd'?^^F^B^CS, ffi#SU 3 5 tfcB 4 3 6 K IE * © 

ftta^o 

[|JS4 5 1 ] 

(5 f£ 11 C ft © ? * U * F * h T* ^ % s II * * 4 5 0 K: IB « © + / ffi ? . 
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CfJ5, 5 1 K IB ft © ± / ? o 

[ft #31 4 5 3 ] 

T § X r >y 7° t s 

6 fig 5 * ffi o 

[flsRJS 4 5 4 ] 

'>s<n*'j3^u^f F«H©-gp^t;sf tg^^ttt/g^-tyn? 
?^sxf-^t, *» 6 fig 5 ft m o 

[11*314 5 5] 

t/i?*^St/i?^*iftt/ll?T*fcS, M$34 5 4 Sfctt 4 5 5 SlCfB«<D 
[If *S 4 5 6 ] 

t/lf A^t/8??$5, 11*1 4 5 5 iCfB«©73?So 
[1*1 4 5 7 ] 

* V ZU*? Ktf'>fc < t t 1 ia©S«*'J K*S*, £R«* 'J =* 

^BjflBfteiBas^w-rs-ff^^wte^tioTistfw^&nT^s, m*«4 5 3 

13 4 5 4 E IB « © 73 j£ „ 
[|*S 4 5 8 ] 

X^-tf-aS#tf'>fc< Hfil 05»*l/#f-F*3tr, II * * 4 5 7 IB « O 73 £ . 
[«*S 4 5 9 ] 

X^-U--aS»^fi 1 0-^3 0»?n*?"F5ttS, 11**4 5 8 15 * © £ i£ . 
[»*S 4 6 0 ] 

X^--9--©7^U*^K©ffiS*V 1" ^ T 7 r - y , ttTf f^T^hf 
t ^ T * 7 $/ A, „ Sftttt^T^T-Ve^S, |S*«4 5 9K!E«073ffi. 
[1*5461] 

* y dT 7 * u * f. f * & § ffl M © ft f! * 'J d 5* * U * f- H * * & E S * > tu sB * 'J =T ? 
^l/tf^KfctMB^/tt?** M!B#l>d;**l'*^H©5l3©&M©*y:3?*P:fr 
^KO'>4< fct-g|5^^/iS?fclS-&bT, t/i * U 3 5? * V* F & ft * 4 
lt«OttSaaiftTT'g«2^5, II * S 4 57fclB«©£ffi. 

[|*S 4 6 2 ] 

ISl£HD*©?*U#*-l ! *'&tr, IIS46 l tc IB W. © ft ri . 

[ II * II 4 6 3 ] 

»*»J*'J dl tV** KOEMtfH* 'J =T? * H©X^-U--«»©E5>Ji: H 

U?$5, II * « 4 6 2 ic I B i£ © £ 8c o 
[If 4 6 4 ] 

^ ij d? ^I/t ^ F *">4 < t fe 2 liOSit 'J * 1/* f F**0, !8*a 4 5 7 
K fB K CD ft m . 
[ II * M 4 6 5 ] 

i- d? t is* zrztov, mni- sn?^<»*v d? t u 
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t6iE*yd?^u*^K»5^o ! &aa©3j-y=r?^u*^K© / >'ft<fcfc-ap^t/ft 

7t> 

BuEzkOft < t 1 oOl^MTiSS^fflt § Xr -y 7T*fco T, tgt&^i®©^ 
S^K«T5*yd?^U*f-K©#*^^* , >4<fct>aP^WK:5£flB-r5©K + »43a 
tUE :* y ^ ? 7 U * F © 5 13 © & 8 » © * y 3 FOJBftSt'Jd^n* 

[111 4 6 6 ] 

^/*i?-^yd , ?^^^^K«^9{*^lfe«T?)fc&cD,#•^/S^^cD^^^y3 5^ 
F>Ittt5Xf^T$oT, K*y =f7 * l/tff- ' 

lufB* y n x * ' u*^ f© a i3©#asi©# y =r? * f©'>& < k •J-ze 
?ta^i-s<!)K+»4iiii, * * t* * y 3 7 * u * ^ f i: ± / & ? * » « * S X r «y 

tu 12 * c '> * < 1 1, ioot*inATSiSI*tt8t*xfyyT?ftoT, i£ £ i8 K © 
SV^K-'Wf 'J =J5« * U ^" K©»*#*l*'>ft < £ fefiP^-Wt JEflBt * ©K + »ft3l 
WtR*V 3* Z 2 U*? VOX P>te&*V 3? >? Is* 

iiiPffiHs ffiJSJK^tf* y 35? ? ix^-f- F i-y X t- -v s ^6*5 

4 6 7] 

-t/li?A^*y-Xfi?^¥#f*y-/S^-pfe§, II * « 4 6 5 S fc & 4 6 6 K aE « © £ 

So 

4 6 8 ] 

t;8f4^t;i7t*$5ii*a4 6 7 kie *©;£?£. 

[Il*« 4 6 9 ] 

t^TOSff 1 ©© il JbP t? zk K ia * Btl§, M*^ 4 6 5 3: fc 14 4 6 6 lciB»©^r£o 
[1*1 4 7 0 ] 

tttfBSIW©«ai:*K:«4K:ft]*.&tt** if * Si 4 6 5 * tt 4 6 BKEtOSS. 

[ii* a 4 7 1 ] 

hij^A, mmm. mmr y^-t> a, c n 6 ©js© 2 Jx±©ffl-&^ y^»«««*© 
tiKsns, 11 *« 4 6 5Sfc« 4 6 6 tc ie m © * ffi 0 

[«* a 4 7 2 ] 

HE«#y y«««*©i£^ h y HTM, 11*^ 4 7 1 KHB*©£i*. 
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[ft** 4 7 3 ] 

'> ft < k C 1 0^3t*/cm 2 OgI^gft/8?afflt#fitSt'J3?^b*f 
K**t8t>'tt7-*y J?*I/*^KftS»tft)«*tl*» IS * « 4 6 5 £ ft ti 4 6 
6 t |B « © 73 S o 
[«*« 4 7 4 ] 

*iJrf?»U*^K* ,/ >'S:<i:fe 1 5 M 3 ^& ;!/ / c m 2 ©SS^jeT'-t/li?*ffili:#ft 
[ II * 3 4 7 5 ] 

*yJ5t*l/*^Ktfttl 5Hnt)V/cm z -a40H3tll//cm z Clif iT't 

fa, *y=r?^u*f : K*i«±t#fttsiii*S4 7 4 1 is « © # a . 

[«** 4 7 6 ] 

visits* u * k ks*as#**r u x^-t^-siMEftty' 

s?^,iig-&nj^ftii^>?x;i/7 ^ K^&s&w-t5i&#fftt**ttTv^ is**4 e 5 

K IB K © 73 S o 
[ IS * a 4 7 7 ] 

)H ; ?Kie'&Rns6!8:#yf-*-^frffia*^ , r*»»^wjii*nTV'»* % is* 34 6 6 tie 

«©73J*o 

[»** 4 7 8 ] 

x ^ _ ^ -gptftf /> ft < t ft 1 O^btf F$^&, M*S 4 7 6 *fei4 4 7 7 tie 

§0©73?£o 

[IS** 4 7 9 ] 

1 0-^3 0©?»l/*f-F*£tTs It** 4 7 8 K 13 « ©73 ffi. 

[fS** 4 8 0 ] 

t^t^r^K lftiit^T?7-yt'i&^ «**4 7 6S:*:li 4 7 7 K!BiS©73i£ 

[ is * m 4 8 i ] 

BtfBtftOFi'pitf K«*tf, IS * 3 4 7 6 £ fc f* 4 7 7 C f B * © 73 ffi . 
[ ft * * 4 8 2 ] 

II * « 4 8 1 K IB * © 7? ffi o 

[is** 4 8 3 ] 

#y Ftf'>ft< fcfc 2l«OgI*'J 3? * U** K*3tr, 11**4 7 6 

$ tt 4 7 7 IB W. © 73 ?£ o 
[ISM 4 8 4 ] 

He 

[ISM 4 8 5 ] 
[US** 4 8 6.] 

*y d 5? * i,*^ KtSSVx;I/7-f KE&S©fH£*t ft«7.K»tf ffiBf 5* IS** 4 
33, 435, 445, 446, 453, 4653oJ:lM84t!B«©ffi>&tto 

[^©^fflfttftii] 

[ 0 0 0 1 ] 

*»WI4*HBait*^9fS(*m (N I H) ffijfiStS^fG M 1 0 2 6 5 £> £ &i ^ ffi PJt (A R 
0) KlfiScS^DAAG 5 5-0 9 6 7-1 - 0.1 3 3©TTi&lfr£}f£ckoT5 ; G$£ft/c: 

[ 0 0 0 2 ] 
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#|^PCTailPCT/US97/l 2783^ (1 9 9 7*7^2 1 B 

mm) ©-»tt«min?a&t>fc^ iitcaii§so9/24o, 755^ (1999 

^U 2 9 0ffil) <D-ffiMU&m~?& -o fc, 0&StfJ§(*38O 9/3 4 4, 6 6 7 ^ ( 

i 9 9 9*6^2 5 am si) <D-mmm&mT*&%o ±E©x«tt§iffltj:D*BiK:ii» 

EStl5o KffiISf8 6 0 / 0 3 1, 809^ (1 9 9 6 ^7^ 2 9 0 *1) , 160 
/ 2 0 0 , 1 6 1 f (Z 0 0 0*4^2BBHJl) , S 6 0 / 1 7 6, 409^(200 

0 * 1 R 1 3 B ttiJH) ©fij& t,±»"T §c ±IEX«OIH*l4 3lfflt*t)*ilKfi*a$n 

[ 0 0 0 3 ] 
[ 0 0 0 4 ] 

( f£ 0^ © M ) 

©iltllTU. Mansfield, E. S. 6 , Molecular and 
Cellular Probe, Iff 9 # , 1 4 5 - 1 5 6 ^-^ ( 1 9 9 5 ¥) #1. I 

cnsosaii, a jit?, entffr^s, ^o/sftiitnun/cKi&si^^Si: 

t5. ^©j;^^^S^^gi:L%v^ffi#T*^a©^^^aiS*^Sbv^i:fcaKP»^'e 

[ 0 0 0 5 ] 

# j£ © 1 O , BrustP>, Adv. Mater. , ?g 7 # , 7 9 5 - 7 9 7 ( 

1 9 9 5 *) tts inn^FL + fc^#-;l>!R» ft 3*©tefl3£#^TV^ 3 
0 Bain & Whitesides, Angew. Chem. Int. Ed. Eng 
1 . , fg 2 8 # , 506-5 12^-^(1989*) Is & Tf Dubois & Nuz 
zo, Annu. Rev. Phys. Chem. , S43l, 437-464^-^(1 

9 9 2 *) o ctDism-eit. 8f yy*-»f ilTl^T/^yf^*-**!^*. 
Uy£- »?©&*«©?•;*- 3n^Ft?K«f^^LtlI»iI%«fiKt 
3 0 £©*£©!££«, yp-bX^SiJ® Lie < < , &'&ttiff*BlMtt3K%f8.ZtiZ C T* 

[ 0 0 0 6 ] 

sn-c^So c©Bfni?tt. 0f&#5B, +»ici*£«nfc»^^w»**±tf-9--f x* 

fflV SCkKiiSttSTTIi^. ShekhtmanB, New J. Chem. , Si 
7 # , 7 57-763^ — ^(1 993*) ;Shaw & Wang, Science 
, | 2 6 0 1, 533-536^—^(1 993*) ;Chent>, J. Am. Chem 
, Soc, , Si 1 1 1, 6402-6407^-^(1989*) iChen & S 
eeman, Nature, i! 3 5 0 # , 631-633^-^(1991*) ;Smi 
th and Feigon, Nature, 1 3 5 6 1, 1 6 4-168^-^(19 
92*) ;Wang?), Blochera. , S32l, 1899-1 904^-5? (19 
93*) ;Chen?», Biochem. , S33t, 13540-13546^ - i? { 
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6 - 7 0 0 ^-->* (1 9 9 5*f) iMirkin, Annu. Review Bioph 
y s . B i o m o 1 . S t r u c t . , £ 2 3 #, 5 4 1-576^-^(1994*) 
; W e 1 1 s , J. Biol. Chera. , 1 2 6 3 1, 1095-1098^-^(1 
988*) ;Wangf>, Biochem. , H 3 0 # , 5667-5674^-^(1 
9 9 1 f ) „ LA 1 L, DN A*a£fiE3H***«fc«B-r*©li*f£S£$te®£ 
% 0 S e e m a n 6, New J . C h e m. , |17|, 7 3 9-755^-^(19 
9 3 *) o 
[ 0 0 0 7 ] 

trUXf-Ytts & « » © '> & < t fc 2 o © # <D E ?U C ffl If W ft S3 fll * £ L T ^ £ 0 S«! 
5, t/Sfi©*') rJ* * U** Kk**®>W7y ^XEioT, ftaj*T*ft«<fc 
[ 0 0 0 8 ] 

f Fa, «*Offi?iJ©a'2»»K:ffl«»aE5iJ*^tSo 8ltt/8n©* 

S/ a y K J: o T 4 U fe W nlllBft S ft * . 

[ 0 0 0 9 ] 

y =r u*? YtftiMLtim2mm.<Di-;®?zmmtZo m*v u*?yh® 
mvmmv i $feii*»©flfifiD»^K:fflffiWftffi5>J*w-r*. s«ic*stftttf&ftfc«si 

^T'ffl^njftgi: 45. tfffitt* '>fc < t fe 2 0©»#*£-r*aiRe*'J**r*S*6^* 1 J 

y 3? * u** k*, e-&*u =r? ?u*?-Y*i- ;w.?±<d*v =r? fc««i 

? * u * ^ F * -J- / S ? ± © * 'J d 7 * 1/ * H W $J C ' W 7 y * ^ * * S * ft T T 
[0010] ' , 

y sf 5? * U * ^ F * « IK W a K ^ 4 f u 9 'J X $ * S * ft T T* iG d 5 . * © * » S « t 
* K*«»fc*r$&K'W7y ^^X^^S^ftT-Pigu 5o *C, IfilcfiffWIHhf: 
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£ co 7 & ? ± © * U =f ? * ^ * f- y? © |a Bl © '> & < i: t> 1 o © ffi # E ffl ffi W * BE W * % 
[001 1 ] 

BU O H JS ^ !H T? H: , 7a ffi ti > «K© EM ©» 1 fflM W ft EM *W * S * U * * ^ 

F*WfJtfelgiM*g»?tUT7y^$t!. « s S « ± © * y d' 7 

a&t/w yy ^x^^^ftTfgi: 5c »«fcistfttfr ^ntc y #v-a-# 
y 37 ?vtf f«®&*> '>ft <ttai 11©* y 3? * u^-f- F%«i?tfts 1 

<D®&x-m%k»imt-&% e saa, y #y-&jci8tfwfr&ftfe» 1 aaot/af--* 

y =r ? * u # ^ koe?u©4>& < 1 1 i ■o©gp#£ffiffifciftE?ijfc*ri-53i 2 a^©* y 
=r?*i'*f-K*'tt*-r*. ■»2aa©^/tt?±©*y^7^u*^Ki4, suae 
t / k ? ± © n 2 a s cd * y =i 7 * w * f- f © e n © & % < 1 1> - » # k ffi ffi w * @a yy % 
tt«. smb* s i *«k tfis 2 as©?-/ «i?±©t y d ? * k*£»k:/w y 

[0012] 

su o ^ « ^ ffi -p a , 73 ft a , *y=f?^u*^K ^ ta f s $ $ £ & 

tt«'-&5^r<y y^fftTo *Urf7»U*^Kttx &«»0.E*l©» 1 

yy % 5 o » u > a ± © * y dr ? * u * ^ f * r « 8ft t M &b t ^ y y x w x s 

H tt , ^ y tt ? ± © * 'J =f ? * U * F £ hu E ft t M ».E /\ >f 7 U £V X £ ■£ 5 ft ft T 

s it * m m t % o 

[001 3 ] 

7 7"^{5. t/S?Ctt, *tHT*«»OE5<JOlS 1 »»KfflaWftEJlJ*^-r 5* V 
^lc s t'Jd7^U*f F^#i?tfe^&< 2 liot / ffi?*^tyS*f*yo - 

o-»*<^^ y y 94 Xbfets*s svucigy#^ b n%o s*i*y a-y ©iu!H'>* < 

i:t2M«)ty'S?05*0'>4< t fc 1 lit tt., *»OE?"JOSl2»»ICffla«* 
, U«li:aift7'ti-7lO*'Jd3!n*? : FSii»lCA'f7*'J^X**5*ttT 
[001 4 ] 

*6ft«S«Ug«BT?H:, 7? a tt , *V F^#f ^t/c8«:i«t5Xf7 

y * % ts o t'jd^nt^Fii, *ai-rs*»©EwosBi»»KfflawftEM*wr 
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- ffi ft /\ 4 7 V ^Xbfefil, I^KitfWtf6ft5. X M W 7 u - 7 (D 80 IB ft < k 

6 2lSt/gf©HO'>S< k fe ltatli, Su !B M © E ?U © fg 2 g|5 # £ tl ffi W ft 

[001 5 ] 

S^ftSifflflt'li, £ £ fi s * U 3" 7 * U * f- F * ft * * ■» ft £ « * ffl « f 5 X t y 

7ft^t? 0 * y 3 ? ^b*?- Ffttt^s-axc^ft < k&2fiii©x/s?ft^t?iSllift7 

ft < k fe 2iSt/fifO'>4< k fe 1 Igttt, ttfflt5«»OE^JOl 1 «5»Kffla 

WftiE?ij**t a*y ^ 7 * u** FiMtibt^s. '>a < 1 1 2iio*y rJ? * u 

IB M © E © 2 SB # Mi ffi W ft E ?U ft W L , »2aJH©*y=f7*U*f-KI4, s « 
icWILft* FOSMO^ft < k t-^ftfcfflfflWftE^Jft^ t So $1? 

% S*tt7n-7, * /tt? *$ J: «ffc#7n-7±*5J:tf t/g?lO* 'J =f 

5? f \y * ^ F k « & * £ 3c& K '/n -f 7 y X X £ * s *ot;K7i<Dt'Jd?ntf F 

t£ftl£{fcftfi?«f5o 
[0016] 

m © * is b m t* u , # a a: * ttmtisis, a-yrj^i/a-f-H 

* *'wr * * u j ? ^ v * f- f * # » s * y * v - a « « * * * . y # 

v - a ± © * y 3- ? * v # * f * tu is « n k m ® k. >\ << x y x ^ x * * § & ft t t* g c § 

m W X y X >f X b fc IS JR . S^fctttftttf&n*. »«ftXn-X©M IB '> ft < k fe 

2 iloty?i?©'>ft < k fe l ISt it, i-S ftfCW« Lft^ffiglUcB^KStftt^fc 

|gm k LTlIft^a-7lO* y * U * * Ftf U #V-Ak:f**f* 'OK tSSbft ft 
ftTt\ Slfett7n-7k»tti<*-tK UJ WIS ft £ ft ft *«T § . 
[0017] 

y X ft # tf a l*'j37n4-f-Ftt, ttmt3tt«©E#l©£l»#K:ft*itoftEfll* 
WTS-o '>ft< kfc zi*Ot/tt?%«ti37^a-7*ffl«T*. §fiS©X/S? 

tai, flu © a 96 © x / a ? © '> ft < k t i o © ± <d * y d ? * u * * f k *b a « ft * y ^ 

7 7i/tfF;!)MtiLn^ 0 gift^D-7ot;fi?tt, it; s?tft« bfe* y 

KB, K*»OEJiJO» 2»»JCffl«WftEW*Wt'*. I2ll04"'j3"?i'l/tf F 
fi , 3 7 X p - X © tu IB '> ft < k fe 2 li II © X / tt ? © '> ft < k fe liStiitf l/ft*y 
d 5? * U * ^ F © E ?"J © - » ic ffl « m ft E W ft * f 5 o « tt , t/lf, S « * ± tf' n 
7 X p - 7 ft , t/fi?±©t'Jd'7^l/tf Ffcl3j;0'lfilO*'Jd7 7l/tf Ft 
itl^f atCA^^^VXJt, a 7 7p - 7±©^t- y dT? ^ b^-^ FftX/ 

¥±0#y a*? ^ p^-^ Fk^xi)t/N^7y jf>rxs***ftT?»Ms*, *Wnr*ft 
^.{bftii^-r So 

[0018] 

^aoBUOHMUgfigtt, tti f * « » © E 5"J..© * l W ^ K: ffl S W ft ffi JiJ * 5 * U 3* ? 
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<?;ts?7 7°u- 7* m&t % 0 SM<!)t/Ii?tll, i t 1 ooffielSiOt/ 

-^©■^/tt^tt, M-^y tt? fc #» bfe* U 3 7 7 Is*? Ftf'W 7* y 7V XbftfiS 
, SVfcfStftftt&tt*. tufEftS$©E?iJ©!g 2 fflffiWftE?iJ fc, 377*P-7© 

MI3 V >* < ii fe 2 afflOf- /Ii7©'>ft < 1 IJUCWf t fc* y a" 7 * U# ^ F ©IB 

IK s I«*yd?^V*^H, * « $5 ± a 7 7 n - 7 * , 31 fc§ * U =t 7 7 u 3}- 3- K 43 J; 

tf**±o*y=r7*u*^K*«iia*»twaic^i'^u^-rx**, ^ o n 7 7 o - 

7 ± © * V d 7 7 l> * ^ F * 3 IS * 'J =f 7 7 b * ^ F ± © * U J 7 7 U * K * £ » t a 
[0019] 

* 6KJ3UO*«UBffi"ett, 7?i£fcU * 'J ^7 7 F^lf IJtfct/Sfliit § 

y d'7 7 u^-f- F ft 2 bT*s 0 s 1 o©g|5^©SB?iJtt, ft$©flS 

37 7 I/*?- HOiB^JlcfflffiWT'feS. t /m?-*V 7 7 V * ^ K#&tt i: *S-&# y 
d^l/^f t/fi?±0* 'J =f 7 7 Ffctt^* 'J =T 7 7 U # ^ F t%®\c 

A^7'J^^X2^StftTT'8tt?t5 0 ftH ktt^^U 3" 7 7 1/ * ^ K*, tt£#U 
d 7 7 b> * * F * ft tt t m » t a ^ 7 y 7 V X * * § * ft T T « to S * 5 . * © ft , tti 

[ 0 0 2 0 ] 

au © n % m m t « , ~n m & , ft & * * y 3 7 7 u * ^ f * ft « s # fc '> a < 1 & 2 a s © 

8?tI8S^5Xf 7^*^tf. Slll08fJ:0*yd?n*f KB, ftK©IB 
?|J © fg 1 m ft K +g m W * IB 81 * *r L > IS? icf^ten^v^ SI? tc x * /b # - {ft 4 ft ft ? 

sitj, $ 2 igoe?ji©t y =f 7 7 f a, aaoeaios 2»#£ffi«wfc 

©<t^^M^7U7 , 'l'^-^3yicJ;oT4i;fc^i±lpJli^^^*li^-r§oX^;b^- 
[ 0 0 2 1 ] 

7 x 7 a ft f § 7 r >y 7° * £ 6 0 t'Jd^btfFB, ft I? © E £0 © H 1 SI* # MB « 
t5. ft^^, 7f7n^^?nX7i7J:$±tftyfi?l«^ l JdHU*^Fl: 
[ 0 0 2 2 ] 

sy © « ss $ mi t* tt s 7? ffi a x * y =f 7 7 b * ^ f * # m t « e 1 a s © # h t- 7 » ? t 

ftli¥»*t/8?*attt4Xf y^t^O. t'Jn^b^f Fti, ft © SB W © % 

1 gi$#M@M&ia?ij£« i«»??i«Jh5, * y =f ? ^ u*^ K*(**s*fe 

»©EWo*2ffl5»tffliiwaE?ij*wb, f)t^?-pi«ii:iisn§. ft & * , ft s$ 
t m 2 an © -r 7 s .? ± © * y =f 7 7 u * f & *r s* ^ a w 7' y 7 1 ^ x * 5 * ft t t* . 

[ 0 0 2 3 ] 

75Sft. * y d'7 7 K*M»* « * 5lSOfi?«S« 
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t & X r v 7° £ ^ ts o K*yrf5t*U*f-Ftt»HB^i:»2»^*Wbs ffii # tt » 

noewo-as^tfflffliW'pa&s. n 1 bp a * $ 2 sp # & ts tr & § a m © 7° a - 7* * y 3 

»4>cffi«iwaE?ij*Wb, tfc iai»#tt*moE5ijo-aiJ»K*i*iWT»»*. £fcx 
p-?* y =r? 7 v** kij, ^©-s&, u T-sitsns. tt? 

«fc tf 7° o - 7' * U n 7 7 1/ * F % , 8.?iiD*iJd?^t^F$^o-?*'J^? 

* u t * F t % t a 7* y # X £ # T -9- r 7 ■< V 7° n - 7* % 4 f£ * 3 * ft T t? » to 2 
€ 5 o * © & * +>- x v ^ h 7° n - 7 £ , 7n-7*U:J5t*U**K >W 

[ 0 0 2 4 ] 

* m © 15 m © s t gu © % m m m -e a ^ s * * » * y =r * * u * * f * ft * 2 * fe a * 

K ffi ffi £ G 81 * W * 5 c K*Ud?*l/*f KB, as«JcBfrtife-tt©M©HIJlcE 

uns. iHit, a « ± © * y =r 7 7 u * f- f * t* $s t w as t >\ -r 7 y x w x s * % & 
ffTT-ea. * © ik < ai*iciatff*»j.6tifc*»***a*o"^>'tt : ?i:»ftii***o 

yd - ?^l/*^-F^^Ki: ; lfs<ijtM^Xy^^X^^5*#TT-ei:So^m^#ft'tS 

1 o©^i?*©}i&©sp»©^tii> aaogfc ?»^ii©^aj> * fctt*©is# ©^m^Bj 

[ 0 0 2 5 ] 
[ 0 0 2 6 ] 

E W £ ffi ffi W 'ft E n * m f 5 o 

[ 0 0 2 7 ] 

Kt> 0 ic, * 7 F tt 7 >^ < fe 2 o©§§§^^A,T- 1 <fc v^c SlfSttt, ^^©^ 1 815 

»©E5ijK:*a««ftEW*w-r y 7 u^-^ K##*«nftt/6ftfx«. » 2 

gggtctt, $«©!g 2 »«'©E-5iJlcffl««4E5iJ*Wr **'J =f ? 7 U * F * f* » * 
[ 0 0 2 8 ] 

F^MIS^fc#It/g?S/cS*«*t/if*Uotl^„ t'Jn^b* 
© w » » % % » ? A s W^TV^S. 

[ 0 0 2 9 ] 

tt , RKOffilW^OEJiJlcfflffiWftEMS^f**^^?^^*^ F *^ W « L T V 4 
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1 OOWaiCfflttttTffc*. *vhteZZK, tS^*yd?*l^*^KOSZ»»OEW 

fro 

[ 0 0 3 0 ] 

b*^ K*#»«*fc*«fc» «»©»2»»©ffi?iJK:ffi«IW*E?iJ*^t«*y =f? * 
btf* Ftfltilftt; 8?*Anft» 1 Si «§§*©t y St? bfc* U 

d ? * b * K CD '> ft < t t - » tc 41 ffi ft 4 £81 £ *f f 3 * 'J =f ? * 1/ * F tt» b fc 

[ 0 0 3 1 ] 

s &K8ijo*«}ei8Tftt, *y httx is^ + /m?*kftfcm 1 ss§t, mmcom 1 

»»OiMtitifl«ftEJ"Jttt5S 1 ISCt'J df? ^b*^ FSAnftS Zgfflfc, 

3§§§i:, 3§ 2l|(D*'J d'7 * b*^ F©E?U©'>ft < 1: t t ffll«5E?^tt 
3fg3©a§i©*yd5^b*g 1 F£Aftfc?g4§g§t;&$t?o 

[ 0 0 3 2 ] 

* 6 ft 14, ^^Hi, «HO» 1 »«-OE5"Jlcffl«|»4eyiJ*Wr**U =T 

e fli * £ f 5 * y d v 5? * i/ * ^ f * « * * it y # y - a * A ft ft £ 1 $ is > '> ft < 
fcti i >io*y rf? * u*? k /a?*xnfeJB 2%mt*%t £ 0 n 

i iao*y d? * u*^ F(i, «7JcWffiSfffflK«t t) -t/a? *u *y-^e#»T?# 
a*? *©^y s?t#»^ftft v s 0 ^?ni, su sso-j- 

ytt^fctfasftfcszaao^jiJ^i'tff-Ft&.KMo^a^fc^ 
Wfti2?y* ; tf§^yd - ?^u^9 : -FAM^*5ftfcS2aia©^/fe?^Aft/cS3St§ 

« * 6 K £ * ft 3 o Mi l 8 K © t / ft ? E * S ft fe H 2 8 £ © * U d 7 * b * f- F tt » 
[ 0 0 3 3 ] 

B'J © * SS » IK T* a , * -y b , tyffi^fcWaS-SfeSSfcStTo t/fi?IUi> tt tt © 
Ml 1 §15 # © E fll K ffl ffi W ft E ?'J £ £ f 5 * >J df 5* £ b * ^ F ftf » b T S „ * y Mi £ 

&, ant^0-7*xnft« i ^ggfe^^o * y =f? * f* 

K#»Lfc*U d5? * btf^ F<D-SP^a^7'J jf'f^lftfi*, SVKtttftttt B ft 3 
o ii*f*7°P -7©fyfB'>ft (H2 asot/ , 8?0'>4 < 1 a»fctt, SSfcOK 

[ 0 0 3 4 ] 

*6lc»JO*JUeJB"Ptt, * y F « x * 'J d 5? y u * ^ K $r ft « £ ■& fc 8 * £ £ t? D * y 
"=f? ^ b*^ FHftlOS 1 g|5^©E^JEfflffl«ftE?U*W-r So t?Mt«5lc, !S* 
»^P-7SAnftSl8!8*$tf. S & 7 p - 7 ti; * * y d ? * b * F tftt « b 

'>ft < tt2isotyfif*^tf.'8ji*^p-7ot/e?a. *©#^t#*bfe 
y dr? t u*? Ko-iffA-f y y *>r Xbfc$ss, sv>tts-tf(*»t6n*. s»*7 0 
d -y ©tuta^ft < H2iiot/i?o'>s< «> l'lstu, ^ia©SE?i]©Mi 2 

C *S ffi « ft E?0 * M t % * V d 7 ^ b * f- F A s ^ * b T 0 
[ 0 0 3 5 ] 

S&4S£«JBtfn?ttN t-vFtt, t'J FJItlJtftllL II#^a 

d? ^ u^-^ HC-ltfA^^U if^Xlfeil, S^tfitf 5 ft 3. M*I*7°d- 
7(DME'>ft < k fe l SSSO^y S?©'>ft < i: fc l filSEii, ^^©E^J©MI 1 
ffl ffl « ft E W * t -T £ * 'J d 5» * b * * F ft # * b T „ t^ttlft, t/li?5:A 
nfc»2S»t^ty. m i- 7 tt ? K. It , 2ilO*Vd'?^l/*f K*Mtf I 
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o II 2 HO* U rJ.5» ^ l^*^ HliiiKfJiLft^J =f ? * F©BB?iJ©'>ft < J: 

t - » K ffi U«ftE?JttT5. 
[ 0 0 3 6 ] 

SU © ^ fiS ^ J6 T» tt , ^7Hi> *yj?^l^*f-Ktf#*bfeS**^tr. t'JJ^H 
*f KB*iOBl»»OEJ<JKiIWftE?J*tT5. t^BSft, # U :f 7 * 1/ * 

* k * t fc u # y - a * a n ft m 1 « s§ fc ^ tr 0 * y =f 7 * u * f » « m. © % 2 si? 

*\ EVfc«tfttW-&ft*. K&I* ^n-7©tufB'> ft < 1 t> 2 not /&?©'>ft < 
H liilcti, t 7 8? fctti* Lft V>*H»C»*»*^-r 3* U =f 7 * f- Ftftt* 

[ 0 0 3 7 ] 

l *y M4Sfc % l * fctt«»©jlj!in©8«t>*2K 

'j J^u^f F^AtiSo =r? * kb, t/8?io*'^?^i/* 

* KoEWOft < t fc-»#fcffi««*Efli**r* 5« i *a-r 5«»©-iS 

»#fcffi*fW"efc 5 1® & , y d?* U** K©JB 2 g|$»©E?iJ&gft o t^T fe <fc 

, isfcfifia©as©nS'&*y=f?^i'*^Fi:%xn/'cSsi%^rtr. iisftaas 

©a*©tt£*'J 37 tUX* K©£4 «, '>ft < t fe ZOO»»*^tfEW*«l,T^ 
§o »l»»tt, t/i?lO*'Jd?^l/*f KWEJiJlcffllfit'*^ ^©fcfc, § 

rt t *g ^ * y d~ 7 * u * ^ f it -f ; n ? ± © * u =r 7 * ■ u * t- f m ^ 7 y ^ x s n 
5 o s 2 » a a , *ic-»»os 5"J tffl««T-»S. 

[ 0 0 3 8 ] 

»josiaii»iiBT?tts *y Fa, 2ia©8?*xnft 1 sfca 2 ^©g&fcaaMf § . $ 
1 isosfictt, $i?©?g 1 ap^©Ejijjcffl*f WftE^j^^-r 5* y 37 * u** k* 

ttSILTVS. * 'J ^7 * f- F tt, * © tt? K ft * L ft V»«S SI? tf, x*)V$-&5#. 
•vmnZftZo lZH08?lctt, «»©!B2»«-©EJ!IKffi*l«ftE5"J*%-r8*y 
d5t*V*f KtfWtLTV^. ^'J3'?n*f Fli, * © tt ? lc # * L ft ^ H ffi , 

[ 0 0 3 9 ] 

I8»*^tf. ^yHtSft, *S«Jc|S^*y =f? ^ U*f- HSAtife, l$fcl4«» 

E?ij©'>ft < t t-s^icffliw^E^j^ftsi 1 »»k, 2>mn<Dt$tt<Dmm 
w t? fe § is d » «s * y =r 7 * i/ * ^ f © s 2 ^ © e ?y a a ft t> t ^ x % ± ^ . $ 6 ic 

S"J © Hfll® 86 -P , F*#»?*ft'l8«Ot/8?k, l 

sfctt«»©as©iB^^ y =f* ^ 1^*^ f fc*xnfes«%^t?. is 1 sfe««»©a 

«©tS-&*y =f ? * F©*«tt, '>ft < £ fe 2 o©ff»*^tfEM*W-r ^© 

»l«^J±. t/ifl©* y 3 5? ^ P^-f- K©E9iJt*lfil«T?fc 0 , ^©fcS6, Sggfi 

t?«-& * y d 7 ^ u * * f a i- y n ? ± © * y 5? * u * ^ f k ^ y y 94 x s n 5 . 
» 2 » tt\ « » © - sp «■ © ib m k « a « ? § o 

[ 0 0 4 0 ] 

au©^MHjfi^JB-ett, *y f t±'>ft < 1 1 3ocd§§§^$^o e 1 8^iciit;iftf 

Aott^„ S2§g§li, «»©ai»»©E5iJK*Hf»&E5<J*W , r*Sl©*Ud5i 
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% 2 © * V 3 5* t V * f- F if A o X ^ 5 o * >v F « * 6 K , '> ft < t fc 2 o © # ( ffi 1 
aP^ttS 2 ©^-'J =f ? * FOS^JOS < t t> 1 0©BP#£ffl*iW) 

[ 0 0 4 1 ] 

gij © £ ft 1 7- tt , *7Hi2ll©S?^AnftlSfdi2ooSil§^ts 0 fillSR 
©5K?K&, «KOEJiJOiBl»»(i:«i»4EM*WU, fro ^- 7 tt? K tt« b ft V>*H 

?Ett, «»©EJIJ©*I 2»»C*ilf ttftEM*^ b, *>Ot>'tt?k:WiL4V^(!il*C 
[ 0 0 4 2 ] 

■J B^Sllilt'li, ^7Fli> t'Ji^i'l/tf F*#IS*ft»5l3BO , ?'f^ 
X 7 x 7 £ Atiftl 1 mm^^ts 0 K*U =17 * Ktt, *»©fi*U©ft 1 

t/tt^fcAtifctHEgSfc^fc. K*'Jd?^l/sJ-f-h*tt, **y h «, $I?©Ba?iJ©1g 

2 ai5»KfflfliwftiB?ij*^-r So 

[ 0 0 4 3 ] 

BiJ©3KJifclBT»a, ^yHi, * 'J J? * U*^ F*f*as*fc» 1 liOilt/fi? 

$ftB¥»#t/tt?tAnftii8»t^to. it'j^n^f Fii, « n © e n © 
s i as ft k ffi m w ft is * * b , m ft ft ? t? fli in $ n § . t^ntsft, * y =r ? ^ u * 

[ 0 0 4 4 ] 

t/gf (i, *©£*Ktt»Lfc#U:J5t*l/*f-K©-»tf/W7y^Xbfel8** 
Svictttftttf&tt*. !i*^^n-7©HutS'>ft < £ t, < k fe 

liitii, «»©E?"j©-si5«-K*a*s-w*E?ij*^-r5* f ; fmilt 

[ 0 0 4 5 ] 

7 © 7 fi ? , t <D & 4r K # * b fc * U df 5? » U He f- F © - SI5 m ^ 7 s U ^ W X L Tc IS 
E^fc»tftttt&ftS. $t*t*7 0 n-7©!uI3'>ft < t> 2 iSOt / tt?©'>£ < 

tuiactt, ^y«[?Kf»t»bav>«a»c»7jcs^Mv^fc, f^« 

'f LT^8. 
[ 0 0 4 6 ] 

?^i5iillT-a, ^7FB, tf7^F^n-7*Anft«S*^tf. 
7 a - 7 tt , * U :i * £ b * ^ F tftt S b S ? £ ^ t? « *'J KI4S1*» 
£ m 2 » £ £ b % Pias»tt*»©E5iJ©»»K*ifflWftEJ"J*^-r*. tf7^F7D 
t / bfc* y ^ 7 * U^"^ F £ >W 7 "J 94 Xt 5 7n -X* U =f ? 

^b^-f-Ffe^^o 7° n - 7 4- y =f ? * b * * F « $ 1 SB ft t m 2 ffi ft % W t § . K » 1 

w^ttx Ktt* bfc* y rf? * u*^ h©» 1 »#©eaieffi««&E5!J**r"r*o 

Sfe, Sffl»t±s SHOEJiJOW^EfflMWftEJUiW-r*. 7 , u-7*y =f? * b^-^ 
[ 0 0 4 7 ] 

H^fFiHi?tft'>4( H2llOt/tf^ttS. 377P-7iDt;i? 
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u s m. -r / s ? t ft « l ft * u n j * u * * v © - as # m ^ 7 u ^ x l ft is m ^ S ^ K 

[ 0 0 4 8 ] 

K ft a us -e a « t w t t * y =f ? * u * ^ k tftt * s ft ft s s * s t? . * 'J =f ? * u * * 

[ 0 0 4 9 ] 

*SS ffi » 2 6 K , 7^h^D-7, ft 7° n - 7 £ 3 7 7° a - 7" £ il ffi "f & o 

a © e w *f w ft e & t -r § * y ^ ? y w * f- f tf#t ^ntHo 

[ 0 0 5 0 ] 
[ 0 0 5 1 ] 

* « W 14 * 6 t » t/777n-^a>0*ffi*ffl«t5 t £ ii « , »JRE5U*«"T* 
T, *iaot/'8f lO*y =1? * u*?- F#Btt#y =f 5? * HOS?JO«»K 

[ 0 0 5 2 ] 

*ft»s-frfe'>fc < t. 2 iiot/iBf*ittt5xf>y 7°£^£?o as i aaot/e 

?±o* Ktt, £ 2 igot/a?iO*'J 2 F©SB?iJM@ffi 

^ ± © # y a 5? >7 V # ^ K * S V W » K ^ f 7 U X ^ X « « & * ft T T? SS M « * § . 
[ 0 0 5 3 ] 

* y =f * * i^*f- h *j**ftfe* ft 
ft y # » * it it ~f ; mm * a « i" s . 

[ 0 0 5 4 ] 

* « $ » s 6 ic , * y d 7 * u * * f % it * * * ft '> ft < 1 1 2 a * © * y » ? * * tr e 

* y d 5? * u * ^ f © IB ai t ffl if w ft la ?y * M t % o S2iiot;B?±o^Jd^ 
u * f - k a s » © a 2 as # ^ ii *s * y j ? * u * 9 1 f © e w k ti a w ft e w * ft § . 

[ 0 0 5 5 ] 

* n m it £ & c , * y ^ ? ^ u * ^ h * ^ * * * ft ^ y s ? * a n f= n 1 § s§ t * y d ? 
^w^f-F^M*^-&ft-t/^? ; S:An/c^2§i§^#tyg§5©7-fey7''y%iittT§o 

Il«»'t>Ot/87£«llft*yd?*V*f Kli. S2^ggft5©^/S?^M»L 
[ 0 0 5 6 ] 

* % Bji a: * p. it s m m. © n ft & * y d ? * b * ^ f * n m * * ft t y e ? * m m ? % . 

* « t4 , '> ft < kt,2ooaj»*^-r*ajR***fl!io*»^&^*i"**s**6K 
*y 3? ^ u^-^ F^#*?-^ft i s/-=tt«»©as©^yiH?*a 
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aW*HOl9IE / >*< fe 2 o ©.» # © 5 -6 © 1 O © IB n K ffl tt W ft E #1 £ W f S X r 7 
[ 0 0 5 7 ] 

u * f- f « x '> ft < 1 & * >j =f ? * ix * f © - # m e m a c ± o t / & ? k *s r>* # 

E *P X. T , tt*«*ff«f*. tt»«©W*y»S», * y 3 ? * U :* ^ F © £ ft t 

* *v ft k » « t ft 7- y & ? k n t % 1 1 » * t ft * y =r ? 2 u * f © » m 51 * * © - 

#£*'>*< fct,»»WKJEST*©K + «'ft»fi , Pft»*titfa6ftV^ m * iw * « , 

^■ijd'?n*^Ffct/ii?§, i to * y =r ? * u * ^ f # y- / s =? k m & t x s £ t 
fty-/e?-*y =r? * u** F«tsf*££/£f 5 © t + # a 31 an jb h, tt**"*?^ ^ 

»**fflft»o»«t S ft J6©l«®ft©«ffl75S, K*S**^tr*'y>, M;MSft£ffi 

[ 0 0 5 8 ] 

i- y =f? * f«M££/£T5 feat* 1 ; 3? * i^*^ k* 

93 « 6 'fc , I^aiaoT4jS?n/ct/fi?-*V35!^^tf F«S1*. 
Lftt/777^-^3^Sa, ft&tfic, R# * fr tr * /*t 8 fc iff 
?0©'>ft < k fc-«»KfflM«3S:ia5IJ*^tr*y 3 7 * U** F X 3b * . Tftfi#J*y 

[ 0 0 5 9 ] 

9 F^t7S?(as^?tsgy©73g^iftt§„ ^ffitt, '>ft < 1 1 1 aa©KK*y 
KttBHastffcx*-? tf . Iffi * y =r* * fobi»»b> 

5 k'» it^tiSo t y & k m m * y d ? ^ u * ^ f © x ^ - -y - 3 ft we -& t ft s , 

BUff^tt^/tt? ©*ii^6ltn, *©*Rttfc©>W 7U ?4X<DtcibK ± 0 7^^rX 
^iJlfe5 0 «Sf**4dET*fe«)K, '>ft < tBIt'J d? ^ HO-itft/ 

t?icg^t5©icfaftittTt\ bsm^- u =rji ^ F*^ty*y 3? ^ u*^- k 

F*«S#» *»**aifro»Ifr«fci6K:K««f**filfflt-8»ffi» K«tB 
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[ 0 0 6 0 ] 

* » U3 14 s M £ i? X ;l/ 7 w F * 3 tr U y io - £ J: o T , ^/tt?K:*Udf5i^l/*f-H* 
flf»S#S^S*^ty. « « ft 3B S * 7 K tt , ^<Diirtt2O£0ffiSlg?%#i6/c 

;i/7 -f K©a7c»feftffl - i" s c ttf nrn'-e* a 0 » * u < a, u is^v ! x;i/7 

-fFEtt*SftfcKffc**»#*S5fc*tr. a « ft H 7)c « h m IS * n T 5 , (m 

tf^aKiSM^ns J; 9 t) ^ Fta»> #»&n*. » s t < a, km* 

[ 0 0 6 1 ] 

*ii»lcifflt5i^> * § r ~ fi SI (0 t V d 3 7 \y * f- K J tit, HO U 12 Bl £ W t § 
U =f 5? * ut? ft*t o * U * F ft* 1 > & 3 ra» 

cq j «19#> tt?, vx-y^X5^nX7x7ft^tt> B«SO*yd?*U 

5tyg?J r^/e?-*U =T7 7 U*^ KttS<*J , Sfctt* * » Bj§ cd ft m ft © 

¥E T7P-7J tISftSCttfei, 
[ 0 0 6 2 ] 

{* (W * ti\ CdSe, CdS, ^iO'Cd SSftiiZnSf e) 45 

tfKKtt amttt) aa-c K#»*'*kr6n*. *si]©iiKfffl&iot7 

|?Ctt, ZnS, ZnO, T i 0 2 , A g K AgBr, H g I 2 > PbS, PbSe 
, ZnTe, CdTe, I n 2 S 3 , I n 2 S e 3 , C d 3 P 2 , C d 3 A s 2 , I n A 
s , fc*tfGaAstf£Stt*. t/8fOt>fXB, »£L<tt«5~ttl50nm ( 
spftjlg) , i5ffH<!i»5~8 5 0 nm, IfeSfH < tt» 1 0~» 3 0 n mfS 
§ o t •/•«? fit n? FftoTU^. 
[ 0 0 6 3 ] 

S c h m i d , G . (fl) . C 1 u s t e r s and Colloids (VCH.W 
einheim, 1 9 9 4 $) ; H a y a t , M . A. (»), Colloidal G 
old:Principles, Methods, and Applications ( 
Academic Press, San Diego, 19 9 1$) ;Massart, 
R . , IEEE Transactions On Magnetics, S Hi, 1 
247^—7(1981$) lAhmadi, T. S. 6, Science, $272# 
, 1924^-7(1996$) iHenglein, A. & , J. Phys. Chem 
. , $ 9 91, 1 4 1 2 9 ^-^( 1 9 9 5 $) ;Curtis, A. C. 6, Ange 
w. Chem. Int. Ed. Engl. , H 2 7 # , 1 530^-7 (1988$) # 
Sic 
[ 0 0 6 4 ] 

ZnS, ZnO, Ti0 2 , A g K AgBr, H g I 2 , PbS, PbSe, ZnTe 
, CdTe, I n 2 S 3 , I n 2 S e 3 , C d 3 P 2 ^ C d 3 A s 2 , I n A s , £ «fc tf 
G a A s tyg?OiSataiSi»f ta*^T^fflt'$% 0 W e 1 1 e r , 

Angew. Chem. Int. Ed. Engl. , $321, 4 M-^ ( 1 9 9 3 * 
) iHenglein, Top. Curr. Chem. , S143I, 113^-^(1 
9 8 8 $) JHenglein, Chem. R e v . , ffl 8 9 # , 186 1^-^(19 
89$) IBrus, Appl. Phys. A. , $ 5 3 1, 465^-7(199 1$ 
) IBahncmann, Photochemical Conversion and 
Storage of Solar Energy (Pellzettlfcitf'Sch 
iaveloS, 1991$), 2 5 M-f I Wa n g SiffHe r r o n, J . Ph 
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ys. C h e m . , |9 5|, 5 2 5 ^- i? (19 9 1?) ;01shavsky£, J 
. Am. Chem. Soc. , |1 1 2|, 9438^-^(1 990?) lUshid 
a 6 , J. Phys. Chem. , S95l, 5 3 8 M-^ ( 1 9 9 2 ?) #1. 
[ 0 0 6 5 ] 

lSftt-/li?li, f » F • ^5*1 (T e d P e 1 1 a , Inc.) (#) , 

7V-i/-vZ*tt(Amersham Corporation) ( £ ) ft £ 7" / 7° n - 
7Xtt (Nanoptobes, Inc. ) (^frSfcrfiKSnTV*. 
[ 0 0 6 6 ] 

&K©tttfifcm^5®K:#£L^©li&^/*t? 43D-f H8?tt, il^fe^ 

sts>^Kc»i/TKv>»)iE{s»*tt5. ;inp»oep*w^fett^ sa> sits a? 
wraps** n#oisg^a;D*«« tisi;T*<kb, cneotts 

'J n ? ^ 1/^ f F 1 1 'J J? ^ l/^ f O'it t 7 'J ^f^fXtS t « fa 

[ 0 0 6 7 ] 

<fc'« HAUL +'»k:Wtti*S*nfcf-*-;VWfliaii: (WT#J») ft 

2 016*6, t/7r7'J<r-J'3yEffl^«<DKfe19E»Sl^. * fc * * * ft ^ / 

[ 0 0 6 8 ] 

' * «S £ fc tt 5 ' * til 7 ;!/ * > ^ * - )V K ± K> W fig {t £ ft It * V =T 7 7 V * 9 F it * & _ 
t/8?E§lli:ltlt?. Wh i t e s i d e s, Proceedings of t 
he Robert A.Welch Foundation 39th Confer 
ence On Chemical Research Nanophase Chem 
istry, Houston, T X . 1 0'9-l 2 M-f ( 1 9 9 5 ^) #M. SBC 
, M u c i c ?> , Chem. Commun. , 555-557^- 5? ( 1 9 9 6 ¥ ) ( ¥ 

6 ft & £ ffi K 3 ' ^#-;VDNA%tt#S#*;£ffi*tE«LT^S;c©;fi8;tt, * U =f 

:i 7 7 U * f- K £ , ffl © & JS , llWilfltt^P^F^ iEC'JXH&lct/ 
« * K * S ■& § © E fe ffl VMf § „ * U =f 7 7 u * H * H ft * ffl t # * $ € § ft » © ffi 
© W ffi S K & , *X*af*i-H :* U 3 7 7 P * ^ F - * X * n ^ * x - 

Ffc&«®£IIS£S#5tfcK:HLTfcU#B l l$i i F85, 4 7 2, 8 8 1 , it 

7 ;l/ * ;l/ * D * y ( m %. H . is V * ft «t tf *f 5 X « ffl *\ © * 'J d~ 5? 7 V * f- K © £ E 
HLTtt, Burwel 1, Chemical Technology, S4#, 370 
- 3 7 7 ^--^ (19 7 4?) ft & tf K M a t teucc I feitfC a r ul h e r s, 
J. Am. Chem. S o c . , fg 1 0 3 # , 3185-3191^-^ (1981?) 

, 75/7;^;^>n + U-^feJ:tfiiHO^;l/*7F7;^;l'^o + tyo^^tlLt 
tt , G r a b a r 6 , Anal. Chem. , $67#, 7 3 5 - 7 4 5 ^--^#I) 
tStl§, * U 7 F*l#*iBlcW»««5CI4, 5' Htft 

(i 3 ' :F*7 7 U** K**«*i:-r**y 37 7 F*«^Tt J-XT©## 

: N u z z o P> , J. Am. Chem. Soc. , S109I, 2358^-^(198 
7 ? ) (4iO^X/V7^ F) ; Al 1 ar aft<fctfNuzzo, Langmu i r, £ 
1 # , 4 5 ^ - ^ (1 98 5 ? ) (7;H^HlO*;^f^l) : A 1 1 a r a ft £ If 
Tompkins, J. Colloid Interface S c i . , H 4 9 # , 4 
10-421-?.-^ (1974?) (HOiMyl) lller, The Chem 
istry Of S i i c a , H 6 « , (Wiley, 1 9 7 9 ?) ( t> ± © * )V 
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#y^);Timmons and Zisman.J.Phys.Chem. ,16 9 

# , 984-990^-^(196 5*) ( 6 & ± © * jV # ^ Ik ) iSoriagafeJ: 
tf Hubbard, J. Am. Chem. Soc. , 0 4 1, 3 9 3 7 ^-^(19 

8 2if) (fi^lO^f flt^ftl) iHubbard, Acc. Chem. Res. , W, 
1 3 # . 1 7 7 ^ - v> ( 1 9 8 0 *) (S^iox;i/*7y, x ;V * * 5/ H *3 «fc tf ffi © 'i 
fg{br§SiJ) ;Hickman5», J. Am. Chem. Soc. , £1118, 7271 
^-j; ( 1 9 8 9 *) ( & & ± 0 -f V - h'J rt/ ) IMaozfectO-'Sagiv, Lang 
m u i r , fg 3 # , 1 045^-^(1 987*) (v"J*iCJ/7» ; M a o z * ± 
t/Sagiv, Langmu i r, H3|, . 10 3 4^- 5? (1987*) ( S"J # ± ® 
-V7» ;WassermanB, Langmuir,^5#, 1 074^-^(198 

9 * ) ( */ ij fi _h CD 5 y ) ;E1 tekova^itfEl tekov, Langmui 
r, lg 3 # , 9 5 1 - 5? (1 9 8 7*) ( - IHt 7^ # ^ £ t/ ~> U £ ± © 5? # $ £ ^ # 
y $ > 7 ;1/ r t: H » 7 )V a - ;V 43 <fc XS * Y * is S ) ; L e c 6 , J. Phys. Chem 
. , |92|, 2597^-^(1 988*) (a!J:OM*X7i- F) . 

[ 0 0 6 9 ] 

;l>7 KB, jfflUtt, * ©BSOff K 2 OO^Igf 4^J6T 5 $ ft & 6 oOJB^fcW 
LT^5. 31 W & 31 S >>' 7 ;V 7 ^ K « rft jg £ ft T 1^3 , U*ncD#SaCcfcoT"&$£ft3 
o 81 S 5? X 71/ 7 -f H © 1 7C Jfc t> fl! ffl f & Z- £ # "P * 5 o 
[ 0 0 7 0 ] 

»SL<a, 'jy*-a, ass;;^]/ 7* Kfctftt&ftfe* it a 
« * SHt * is a m is s ft t & 1> „ is^x^7 * Hcftu &ns 0 #* b < ttMMt**» 

»BXfo<fF»iTft«. gt S^Twl/7 f Fltlftt^fcXf K 'J y* 

ffifflLT Id SlSftfttfU ? K-t/tt f A 

(«*tf#'j^7-tfiaEj6 ( p c r) »«>fT?ffiffl*n*^f-*xu>fh- 

;!/) (CSLTIL < t ©# 'J =f ? * * K - 

•^/tt^ftft^tt 3 0 OfiSSLT^SCitfbfr^ft. ilOflSLftii^ftSgttB, 
S^S^'Jd^l/tf FAK loolSI?T'(i«:(, 20©^HJS?tc«J;oT^y 

iftai^nt^s^^isias, » b < t & t , 8 a x >v 7 * k © 2 o © 

»*tttSCt«<#*6n«. yya-O^tfcttzKttXrn-fKSg&x 7" / ? © 

* ffi -\ © 7j< jg tt # =? © m jfi & * / S ? 4 it 5 c t fc =k t> , «SftOg£etS^t5i 
5 S fc> ft 5 . 

[ 0 0 7 1 ] 

w±***-r*t, M7? © # 7" / k b# c < -a ft < c t # t- * § * 0 tc , s 

S ? X ;l/ 7 -f K0 2 00«aB?l4»Sl/<B + »C8ifib4»tili4 64v^. i 0 » * 
L<tt, 2o©8I)|?(ilVMcilStS. Sfts K{fc*JR»#tt* tyttfoai*! 

[ 0 0 7 2 ] 

ISi>X;V7-f K D yfc-fcfcffl bft*D 3? * u^-f- F-SSt/fi?KSftli> $11 
Hi ffl © ft Br 7 7 -b -f f> * US ffl * K IB « L ft 7" / 7 7 7 U - ~> a y <D 7? ffi fc ^ T , 7 

©^fi4^1±^^?» C t 1fm*kt Ut)*^ fto 1#KI, SS'7X^7 -< H ^ftftX 

rP>fK«S%^tyUy*-*ffifflLTil««ftft*Udr?^u*^K-t/'ia?«lfl:i* 
tffiSLfe7ft'fl4, tt 1 o fif 7 ;P * > 7 1 * - ;l/ $ ft fi ^F « S -y x ;P 7 w F * 'J > * - 

[ 0 0 7 3 ] 
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li, *tt&«PCR»**T?«»tt;iT*i:4:*Bjfi6k:-r*. L o T, p c r a o 

-t/S?^, 3 0Sfcl44 0|llOPCR©iPjft-?&*P1?-'<*^*S^H f - a - 7 * H <P 
ft<Tfcftfc7y7 , U3>'fclftai-fSi:i:tf ,, etS. P C R & K 7 P - 7jtto © it ft £ 

ftB tt tb 5 . 
[ 0 0 7 4 ] 

ft&ic* #H0J3tt, 'J =f ? * U*^ FHS^X;V7 -f F U > * - 

Sr^Tfr^-y f^SiftTSo i+yKi, « &tt tU £ fc tt t 7 7 r 7 U * - ~> a > C « ft 
[ 0 0 7 5 ] 

15. 
[ 0 0 7 6 ] 

SambrookP), Molecular C 1 o n i n g : A Laboratory 

Manual ( £ 2 JK , 1 9 8 9 ^) liitfF. Eckstein (JB) 01 igon 
ucleotides and Analogues, fgllK (Oxford Univ 

ersity Press, New York, 1 99 l¥) #1. t'Jd^Vtf F 

t * V dT r * * ^ U # 5* * U * F © £ fig t tt , K: @ *@ A ffi ff * U V (I»«DN 

A £ $ ffi tt , RNAO^SKtlltSS) o * 'J =f 'J # 5? * \> * ? F £ * V 3 T * * 

[ 0 0 7 7 ] 

, ^jx. tt\ Dsiioin^tmoiJijasEictiv^ii*. * o*a 

lOStLTB, Ifif ( 0U * tf s ft £ © * A E N # * § « G ? ) . f^/VXRNAfei 
tfDNA» 1IDNA, IIDNA, cDNA, m R N A , R N A i If D N A 7 7 ^'^ 

x 7^fi)B, H. b°P'J, *li§igJ8Jfc£, v^n^vXviifi, -9" 

a S/x y 5?§US5^X h P 7 -T 7i^^ny8S, it tt * JllL * S Jftt ) > ft & tf C ij V 

( ffi * tt\ ^yssjEKBH^-rsae?) otiifeiovs/iat-^-ffl ; sgfffl ; d 
n ASMSSffl ; 8?i£fx Fffl ; *HB3$ttf§ft ; lfi?iao*-^-)i : fte>tf k 

^©^©iWtf^tnSo 
[ 0 0 7 8 ] 

rtee**«fi©*»jca-3<«B*tiii*tt* Sffik lis &«b (K*tffi£bt 

U^fifr^ ±fa^Stt, D N A EJIJttSKlfcfrSSfSEfc ± 

X ^ U - - > ^ * f 5 * K *fi -^ft I* -b > * — K * V> T ffl * O t W K * b T. V> S . 
[ 0 0 7 9 ] 

^ttit-^^^^tt, ^tt*ffiT*K-r s c fc-et s t, Mas, ffi^tss. cea 
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fi*t?lt»*W'r5Cfct>Tf**offil*tf, S a m b r o o k ?> , Molecular 
CloningiA Laboratory Manual ( % 2 fig , 1 9 8 9 ¥ ) * h 
tftB. D. Hame stiitfS. J. HlgglnsS, Gene Probes 1 
( I R L P r e s s , N e w York, 1 9 9 5 ^) #I„ A^7^VX'ffl/o- 

7 * ffl ^ t $ m -r § it & © m m © m m a a a m s as # » t a n jo t* * 5 0 «i * tr , s a m 

brooks, Molecular Cloning:A Laboratory Ma 
nual ( ft 2 fig , 1 9 8 9 «f) SBtflCB. D. HamesfcitfS. J. Higgi 
n s *B I G e n e Probes 1 ( I R L Press, New York, 199 

5 so # m o 

[ 0 0 8 0 ] 

mbrookS, Molecular Clonin g :A Laboratory M 
anual ( fg 2 fig , 1 9 8 9 ^) 46tftB. D . H am e s*ilf S, J. Higg 
ins M, Gene Probes 1 ( I R L Press, New York, 19 
9 5 ¥ ) # 83 . *y*5--t?a«fifS ( P C R ) it ff Ifi iff tl. L V o 
[ 0 0 8 1 ] 

©t/S?«l«?t5Xf 7 7°£#t?o fctUT^f < H 2o©»#fcW 

LT^5. c ft e> © g|5 # © ft £ i: > & L ft «\ * ft 5 © H B ty8?lO*'JJ? 

^»ioj:5t, &%nnnmn\z, stioay^^-s/a^cii^u) ko&#t§ 

[ 0 0 8 2 ] 

9 JcaKLfttffttffc ^©£ 5 Kf & It lb to 11 4 F7^ yiiSISI^f Tlii 

*n t» % a o 

[ 0 0 8 3 ] 

MB:. i as©* u J? * u*^ K-'t/a? «ft»*fflv^na -rtr «t o Kswct# 
ast^atft??. *itKt(nrsfti6c*«)i^®«* , BZKS«hT^s. it* 

» 5 £ 5 , Bi*/tt?fctt*LTV>*»l*'J:J?*l'*?-KH:s -#§MDNA*© 
2*U=f5t*l/*^Ktt, -*«DNA + ©««E?"JO»2»»Kj*bTffl*IWftEJiJ* 

[ 0 0 8 4 ] 

©/W7i> ^ftf-fa f&ft«s yj8&«#»T?ttii*nT-fc o s fflv^ftss#£©2Uc 

#t>*T«*K«ja<kbff*offilAfcr, Sambrook?,, Molecular CI 
o n i n g : A Laboratory Manual ( 2 fig , 1 9 8 9 #) »H. X 

[ 0 0 8 5 ] 
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X - 7 ;l/ n - /I/ f£ * E « fcg £ # 5 © K: + # ft B# Fi§ ( — US K: , l 0 0 n 1 © jg K © *§ n , ^ 

mm bfttttitf ft^#\ t;s?-*'j =f * * ©sk a, 

[ 0 0 8 6 ] 

il £ ( T m ) w ± »c to Hft b , fg f$ 3: ?r £P "I" £ £ tK& I3A^'J?^*-->ay^ 
[ 0 0 8 7 ] 

7'J *f-f ■tf-S'H y©Bfittx (W*.fcfs 0. lMfrfeO. 3M NaCl 

tc) WiCiEt!), ti^^-&?>CtfenJtgT-$)So 

^ / S ? ± © * U d 7 * b * ^ K t $ K t * s ^ ^ 7* U -T X * § fc * b § ft tB nJ ftE * £ It 

«K$fctt&tt#*rK: i »>*i*L*§a. f-y &?»£{*©«#«, *?gt««fc4*fctt 

J±»»#fCJ:oT«*bff*. fillfetyS^ottRtt, fc fc J: o T 

t> IB S L » S , BJU^Ii, «BlT?«*bH*«^T**. »C»SU^It, « IS ? 

[ 0 0 8 8 ] 

t/Sftfflva^, (5"J*Sfeli7;I/;tTLCyi/-h, iiffis 

t)l/B-fH^7Uy, feiift^a>^7l/^, fflL(liC-i 8->'J*TLcy 
b - b ft if © ) SftfiftllitA^7iJ^^€->'aVi§S^X^7hU Xl^* 
kKiOSJilcft*. *.«>tt, Xtfy'btt, ('W.7'J -< -t? — y a y ^ ft 
T © tf y * / jS ft 6 , /n -T 7 'J * -B - y a V # ft T © ft * fro fc # / * & © « H © ) 
7 V 9 4 -tf - y 3 ySSofe^MtS. SI T * It 8 0 °C (fifittllf ttftvO 

£/W7U£VXbT*S-&bT^£t, » fe X # >y b 4 b 5 . fll W tt S # 

ft b ft ^ fc ft ) /\J7V?JV-i'aytfmz.c>K^ts Xtf-yMitr^ft-fffca. 

tact, ( /n ^ 7 u 2* >f x b ft -r / tt - * v 3 ? * b * f- k n a # t m ^7 u xv x 

L T » ft ^ t © © » SI ft 2 © ) ffi © X r y 7° tt ^ S tf 5 = 
[ 0 0 8 9 ] 

ft* 6 s l«8IEA^iJ ^^Xb/c±7S?7°n-yKif4^^7Xilffi7^ ;V * - ( 
ffj^fcf, -9-^X*M 3nmO#t/8?t«CfflV^S^ICll, M ?L ^ >f X 0 . 7|nn, 
^l/-KF G 7 50*n^lS^B77'f/^7^V^-) tSLTX*7 FtSS 
ffi T? § o * © ft , (7-r;l/*-©«JLJ;D**^fe«>K:«i9*nfc) t/Sf 7"n-7 

5ilT, jiSOft/N^ 7" V X^ XbT v^ft ^7°n -7* 7 >r ;P *- E 3i bT*"PiJfev^«£-r 
o <1<D&WU£. iiiJft t 7n-7tffi« b!#i.©Ts » ^ j«K * Mtt b# S »' »^ 
ft*6, t/ff^n-^li, li^fcltii©^ < ©HMffi C/'JiXWF, JSSffl7*b- 
K -f J. u y , - b d -b ;l/ n - X -b ;P d - X <fc tf ffi © ^ y 7 b y ) K tttt * T -5 

t , c n 6 © * ffi a «! m x* # ft o 

[ 0 0 9 0 ] 

eg 2 1 Tfs s n r * w s © s m ft n is u , m m rj ti ft s ^ % i# § x r >y 7° t>\ 200a 
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oTftS^at'M. 2 "D © * U d 5? * U * f- F <D ^ ? MK $S\} %mtt£ fc , » ? H © 

^fflSRtfl-CtttJBJPT**. B2tS«ftT^«SO«jfiB, £ © * ^ > fi V> « « B 
?|J *5 £ 7° n - 7" (BZEw«hT^S*i«TB18SI») C H 51 T § ffi S M SO * *0 
fflt«CfeW*)6fs SV>*iJJ7^U*f-F^O-7 ( 0 2 £ w * ft T ^ 5 & SS ft T? ' (4 

[ 0 0 9 1 ] 

& tt © iff W IB ?'J « v BI20iHl*lWftCitJD5U, B3K35«ftT^SJ:5C, ft 

weju© 2 o©»## * y y d ? * b* ^ f t ffi««-tf«ftv^ 3 au^c * o 

T^SJntv^Ltus. js«*t*3fi«-r 5 k«c c ©?g 3 »#©em 

ItMbtfilfiftl^J^ttS- 7 4 7- (f i 1 1 e r> ft SO * V 3 2 9 V * 

pa n w s it l , tcisi, 6tf«tJ5. h 3 \c m * n t v s % a , ®&m<Dm&* « «> » 

§ 0 

[ 0 0 9 2 ] 

^mwt^^ft (^t;io **iBb,. 7 v-b-r s c fctf^t 5. 

[ 0 0 9 3 ] 

i* a Bin fcg ft* w* l i# * ft* © »** is v> t £ ^ o assiititii, s w @ its. 

ffl (fljltf, TtfvX, 5 7*7***9 iff v-§0 s * S HB H f* * B5 (0J 

TLC5"J;!i^l/-h, fflffis #5Xli«7 w *;Vn^F^7l/y, t 

XX-* + ->F ( I T O) ) 6ft*o ttlOf«lf:tt)l?t'$otiV> 

-ufiictt, iFat»i/\ IffSl^Oli, iSy* (WUfcf. *"7XIX7^F) Sfe 
«77Xf 7^ (flSttf, v * n * -f £ - 7° b - F © 7 x ;V ) ft2©2«4Sfi'P*5 

[ 0 0 9 4 ] 

1 o©^fi8tl«Uc&^T, t'Jd?n*f K*SSESi^t5 0 t'Jd^l/^fF 

iitf, C h r i s e y & , Nucleic Acids Res. , £ 2 4 # , 3 
0 3 1 - 3 0 3 9 ^-^( 1 9 9 6 $) ; C h r i s e y , Nucleic Acid 
s Res. , Jg24#, 3040-3047^ - v> ( 1 9 9 6 ¥ ) : M u c i c 6 . C 
hem. Commun. , 8 5 5 5# ( 1 9 9 6 ^) iZimmermannfc^y' Co 
x. Nucleic Acids Res. , |22l, 4 9 2 ( 1 9 9 4 $) 1 

Bottomley?>, J. Vac. Sci. Technol. A , I 1 OS, 5 9 1^ 
-J> ( 1 9 9 2 *) ;feitfHegner&. FEBS Lett. , H 3 3 6 # , 45 

2 * - 5> ( 1 9 9 3 $) EBIOJIH, SStWtS^SilttfTf «. 
[ 0 0 9 5 ] 

7'J^-fXS*50Eta4ftttTt«»?*5. CO±5tLt, « H H: & & £ b 
fcttlfifcft*. *S£L&*^fc«»li, * 7 tt? - * V =f ? 7 b * * F a«f* % in A « lu 

[ 0 0 9 6 ] 

^«M?t5o *U rJ? * Utff- KB, *»Offi 2 »»OEM K W L T ffiffl W ft E.J"J* 
X^tSOEiaSiftTEfi^. C © «t 5 K. b T , £ 1 9 £ © * 7 tt ? tt S S £ *g b 
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[ 0 0 9 7 ] 

i-^t$i&©fi&s^#£/W7y^xr£gft£ie?y£WUT ! E>cfc^ 0 n ft s ih ?j £ 

^KtfWIbTfei^tfs lift S * U d? * Ftfftft 5 * J 87£W»t 5 

[ 0 0 9 8 ] 

g«fc, s«tis^bfe» i an^-t/s?-* u 3? * F«!a#fc, *u d ? * 

8lfI©t;8?Ett«U , rv^* l Jd?<'Vtf-.KO'>.4<l:t-*i!)B?Jlc»bT 
fflffitt4EJ«**rUT*$!K IMXfyyii, H l SS© * / tt?± © # 'J 3 2 * U * * 
F i: £ 2 IIS © t / S ? ± © * V d 7 * 1/ * ^ K t * ^ f 7 V 9 << X * ■£ § © fc W 5% * & 

[ 0 0 9 9 ] 

/N-f^'J^lf-'/a^ol^lcill^ ^tHnffigftlElbtf 4C3 0 t*HipJ&Efcg{fcli± 

jaotofcracTfcs^, fit, MM^y^^-'/ayti!), ffi nj ft & it # 
y rf? * F*Mt» ingots i iiot/8?-*'J =f? * u*?- K 

±©g|5#£/W7'y ?JXhmZo §>M^J7V 94*£~*s a > K. X D *#& ft * if fe tt , 
[0100] 

3ri©i'&ictt, fg i * <k tf 3§ 2 ajuc^ya?-* y =f ? * u** K««#*a«f*ip 

m S fb ■t / e ? © tt * *! Ira £ * S £ H W K > W(5t§->^t;l/aS^S^2t5i:i:^T' 

15. 

[0101] 

* y » F#8f*©ttfr t) y =f * * u*^ k ©'W 7U 94 
[0102] 

* / a ? $ i tf * y d ■% t u * f © m » m ft 5 tf k * y dr ? * v * f * / » ? t ® 

A JO T* D * fflV^ft*W£©*fc£fe*"t8Slc«jI{fcb»* ( ± IB # 88 ) . 
[0103] 

C ©$$ (ftftDNA) ^ffiS© 1 -3©llffi#iJ;tf 0 1 3Ata?SnTV>5. 0 C * £ ft T 
^SiU, a^7'J > a yol^tt <fc D , t/8m*tf**DNAM 

bTa*ice-&uTvsiisfeiH«^*u*. cft&©miiiB*«* jaHJtfcte^'twra-e 
, »$u<aav^ii*^K:8«*MntfsSK:«*ut#s. mi 3a*^ik»u 

[0104] 
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[0105] 

mommmm-vti. t;fif*ifit#it*5, a, w*tf, g r a b a r & 

, Analyt. Chem. , 16 7l, 7 3 - 7 4 3 ( 1 9 9 5 ¥ ) JBeth 

ell?., J. Electroanal. Chem. , S 4 0 9 I, 137^-^(19 

96?) ; B a r B , Langmuir,|gl2#, 1172^-^(1 996^) ! C 

olvinS, J. Am. Chem. Soc. , H 1 1 4 # , 5221^-^(1992 

[0106] 

/ s ? * a « ^ ft « •£ ^ /m& . * 'J =i 7 * u * i- F * / U ? K * £ 5 o c na * 

[0107] 

5 « i: « » % , t / Sf ? ± © * y 3 7 ^ b * ^ F k M k £ ' W X y X ^ X 2 -£ S ©^ 

£ 8b ft 2s #~F So tO^SfcUT, S«K 8£ L fettJB fc ft * o *S^b 

[0108] 

6 V T* , ;^J:3?2b**Ftftt«bT^SfB2M®*/fi?fcfflltTSo cns©^- 

? - * U n 5? * U # ?- K ft ft # ± <0 * V d ? * b * ^ F t « H t * m ^ 7" 'J X ^ X « * S 
^F.aSttttSfikfi^bfcttllBCfc*. t / IS^bftfr -pfc-f 7 

& ? - * 'j =r ? * b * f ft ® w t m m & s m. & as ^ ^ -r . c <d b# ^ t* , ssiit c «&j 
a tf , s fi ) * * m b « s o 

[0109] 

^2ffll|c0t/fe?±<D^ i ;^?^b^f-F^-r^T^lbE?iJ^WbTfcJ;V>b, ttfflf 
S»OS!8:S«»i:A>f7'Jif'fXt5afi:5E?J4ttTt'i^. g ft S E ?iJ % ^ 

L^„ 11 7?:#l?nfel\ 
[0110] 

* V> T* , mia?»Jb s ^2a^©^yS?±©*U^5?^b^^F©E?yO'>ft< k fe - ffi 
^U*f Kt, 8 * K *S & b ft g 2 « M CD J S ? - * 'J =f 5i * b * ? F ft <* t £ , *S 

««Kft*. «6£*'J =17 * b*^ F*8£*-&fc«, *S-&Lftfrofctt£*y 3 7 f b 

* F * a & & ifc v> jjs f o 

[01 1 1 ] 

ft ft k , *y:J7*b*^K#tt»bT^s83a»©*xtt?fcJBit-r*. ^6©* 

y rf 7 ^ F(±, U =T5» » FOS 2 ©E*l W b T WfcE JU * 

tfF«, y =f 7 * ua-f- f 1 x y a? ±©* y n 7 * u.*?- f t *vw x y x 

^XSt5©tW»!9:*ttTt8»S*5. X ^ tt ? * * * fe « * L 4 t> fe * 



(65) 



JP 2004-501340 A 2004. 1. 15 



[01 1 2 ] 

3S©fe©i:Eli;T*fc*tf, IU llA>f7 l J?'fti-f sytJ;5 t til W $ fc $ it * s 

n m s n s „ m t , §S2iiot/i?icH, (i-$fciiM§5 la-^j swts) £ » 

f FSStttA^'J^^XLIISo * fc > S2igOt/8?-*Ud?'^V*f Kfl 

- ( /ayicinft6«h«iiii, g{k*«]ftT«ainiffiat>©i:bfc?), s a * ta 

nJtEftg{tcD*£££tg*£'efcDM#&o £ © it « fc <fc D > rvt'foaStfaftSft 
[0113] 

[01 1 4 ] 
[0115] 

iff* >; 3? * u** f tf£*-y =f* f u*^ F£^/fi?fctt 

[0116] 

*ftLTS«fctt£LTV'Si8ft1fi«tf£i;%o inn&OB&feiaWtts ±$Lfc£?fci*l 
ri tE fc x ft * ti m £ * 5 8U © ¥ is * a « t 5 o 

[01 17] 

g>J © *i *M ft H tt U # V - A © (6 ffl T* & 5 . COftlT'B, *'J J?^ Vtf 

IS^5cttf?t5, 09 * «\ S * # * 5 X © if ■& , c ft tt , * 7. * 'J ;l/ $ tt * ;l/ # 
y»g*ftLT#y:dr?*U:fr^K£affi£ffi±©75/7 7l'*/l'»fc*S^S#5£fcfc 
<fc 0 3 $ b 5 ( H » It ¥ fc H t T (i , G r a b a r £ , Anal. Chem. , $67 
# , 7 3 5 - 7 4 3 ^-f ( 1 9 9 5 *) #M) . 
[0118] 

iSlcWILft*'; =f? * U** Fli, tfcffi <r^^St©!g 1 M©K?iJfc*tLTffi}iW 

!?Hl\ 
[01 19] 

# ^ , 8 tit fc *s t fc $ » * * y =T 7 * P * * K * t T ^ % y # V - A i: $ tt £ * 
S, * y d' 3? * U * ^ F fc* , «»©»2»«"OE5"JfcJ*UTffi*l«&EJiJ*WbT**) % 

amxf v^s, y * v - a ± © * y =f ? * u * ^ k t # » t * ^ w 7 y ? ■< x $ * a © 

fc * ft * ft ft T fc fr 5 c collar, iJ#V-AH:aS*4:tS'&Lfc*IBKft*. >J # 
V - A % £ « fc IS -& $ * fc « s gpLft^cifey^ V-Atil^li 

ts, 
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[0120] 

co n ft a t 7 u xt 5 a ft * 'e?j * M t r t £ v^„ g a % law « * r s * u 

35* * K*ffl^«»^. &y*y-A£ s f<TOl45*'J =f? * 

[0121] 

* y * F- V # V- A«Sft*W«-r SfcfcK, *U :f 

X ^ U ;V ft 2 © W*S K »■& « * ( L e t s i n g e r 6 . J . Am. C h e m . S o c 
Sg 1 15 1, 7 5 3 5 - 7 5 3 6 ^—7( 1 9 9 3 *) #») . »7jc3S-* U df ? * 
F \) $ y- igl fc L T , U * K 

lSft?nft«lO^V-A^«fil1-5 ( Z h a n g 6 , Te t r ahed r on L 
e t t . , 1 3 7 1, 6243-6246^—7(1 9 9 6 *) #J») o y#y-A3iiS 

±v<D&'&&-*vdji tv*?* d ?• ? 
f- K#ftf* u * v - Aott^fcHHs-r * c t k a t> Mtv mi a. ai/^f 

*ttfflHfffflC *oT#»LT^**U I/** Kftffi*T« V # 7 - A 14 , - F D 

fflv^c. 7;i/*Hr>f y*tta!i*Wftii#&Lfetf, (ff"J*tf, y#7-AStffi±©) -a 

[0122] 

y # y - A tt a IS S ffi # if T? JS 591 © £ i* * D P H £ ft 5 o Z h a n g , T e t r a h 
e d r o n Lett. , ^ 3 7 I, 6 2 4 3 ^^( 1 9 9 6 *) #1. -ftt'J * V 

f$? t M * tf\ Sg»l 3 nmOt/fi?tli, «gft 1 0 0 n mO 'J #V- Atl^ 

[0123] 

S«£fcttiSLfcy#y-Ai:, '>ft< fcfe loOSliI©*^?^l/tfK*MtiL 
##LT^ftV^«lca«7XS*M^»LTfef3, $f»X:r>y7«, KzKttffl Sff ffl ©*S * 

t it, 7 7 e?±©* y =r ? * u^f- k* y # v- ak#i«*« ©KuraafcftTte 

[0124] 

cojatt* e, y *y-icfi^LftS i iiot/s?-*y =f* * i"** k#« 

W t * y =f ? 7 K#tt« LT^SS 2 li©t/8?^Si^^ Xx -y 7*^ 

SligOt;S?Kl±, S2|g©t;iflO*'^5!H*7 4 H©'>ft<K 

*f FO'>4<kt-»OEWE*bTffl*l«4EJ>J*«tt^*. $ 8* X r <y 7 « , 2 

i «t t; m 2 not/ «?±©* y =f? * ^^-^ k *>w 7y * w 

^ffTtcfr^o :OM7 l J?^*- , /3 5'tt< SftftSffi (flUHL 5-6 0 

°C) T££fiS«tU LfcffoT. StaTK^^^y ^^-if-^g ^%»t#5*ft (0U 
ti\ 0 . 3 ~ 1 . 0 M NaC 1) ffffl^6n«. a B^bft 

[0125] 

/N^^^-tr-fa^ffl.^tlciO, Hi i3fl2 ft SHt # £ D S . *W^I6ft«fttt± 
SEofeofcrau?*** 1 , fit. 7 y a yt«k t> , *a^*ft«{t^ 

Fi«#ibn^ot\ &y#y-A&, 
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S*tA^7^YXLl5. £ fc > U # V - A H % ttaf'<t**02OW±0»»K 
/W^y^XlHS. IIa^ 7" U^>f-tf-^g>eJ:t)'fefe6-*ti* 8 fi « , « * 

C © M *S fc A t) , 7 y >f '> M © M © & (±1 ft& K ft 3 » 

[0126] 

l t > iiipot/e^B^tta-rs c fc^-et s. cc^st?, '«««» i »>© 

[0127] 

:t y a" 7 ^ f- f ft © ft t> o t N is 'J J ? ^ vtf f tcw^'j ^ — 

[0128] 

f- F © ffi J* it , S -& <h * © 2 a © V d 7 >p U X 9 F © it & it t T M W « ft a c n 
Tg^£S3SHfcb*§3 (±K#IO „ 

[0129] 

* * K # ftfc 'J * V - A © a 7 V 9 J -tf - ^ a > K «t D , Hi Rl fil ft £ ft £ b # 

§0 ft^/a^oi^, ^> */*sfi#**«n#* b, t/fijffsv^taicifiSL 

{btf^C*. a^/tt?©*^ */tftffI*Sn57*S5. iin 5©gfeti^T ft 
[0130] 

7 tt > ffl tt m * V d 7 * U * f- F ( a fe £ tf a ' ) ^IU^5Z|jSOt;8?«A 
fti»©t/8?ta, $8 $fc © # y 3* ? 7 P ;t f - FAMtf LTi/^OT*, #fflS©t/tt 
©^/tt^fcStr**!*-?**. &V>T*, 3 7 '>ft < £ 2 aiH©:* U 3" 7 9 1 

k# tt* lt v^s s§ 3 mm®*; m??* v >y 7°wr 5. $ 1 «$(©* y 3-7 * 

F tt > 4ft W f ^ t * K © - §P © Sa ?ij b ' C»LTiIW4Elb*WUT^S. £ 2 ffl ft 

t*i5eEWaiftSa' MLT^ 0 Hi* f* 7° n - 7 , n®8SOt/S?% 
fijffl LTilt S C fctftS (128 B#fig) o ftiSOt/fiftli, '> ft < H2 

*a i a*©*u =f ? ^'i>*f-Kt4, fcajf^* «»©-»oew b ' csiTisawft 

SS?iJb^tbTV^?»o SlllOt/fi?±©f 2lSOt'j3?^^*^FB, 2O£0 

t 7 S ¥ ± © S 2 II S © * y d 7 * i/ * f- k © ffi a ' W b T ffl ffi W ft SE 5U a * ^ b T 
^3 (El 2 8 B#i&) o *IHlOt/8?lCtt, *»©*y ^7 ^ L,^^ Ftf ItllT 
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[0131] 

K * 1* X p - X tt , » « ± T* H ffl $ ft § ± 13 © ft m tD 7 v -b W « S £ § # St © * Hi C 

t f y ffl bi m -e d > tnti^T, W it tg ft ^ <t ft # ^ d ^ ® b £ y ir s /c & m@ © 

2ooasoai#^n>-7%ffl^T»Ift^n-7i*ii*t5!: fctfT?*, £ l fflfl 

tiJJ?n^F* ! ltltn^o «r£, i*<tyn-7*BZ8BlcS«nTV^J; 
5 lc US SI •* S fc, »*{*-Xo I^tA^7'J^^XLtfIi^«lL!ISo K 

mtus, mm c ft^t? 1 am©* u =f? * i^*^ H*i*ic«ists (H 2 8 c#ss) 

o IB^iJctt, «mt^tS»©-SI5©E?iJ c ' i:*SliWT?&So « W & » in * * S*K 

# » L T V^S * U dT ? * U # ^ F /n 4 X V X 4 X S * fe ^ * MMW X p - 7 * in * , IB 
?|J b ' ft ^ t S «IW M SS 5dMc / W 7' U 2"^ X £ £ & tH fff ftE ft ^ Ik £ b S o * § 

j8« + Tf, *««H***ft^ia-^*J:ffSiJ<oaao^/tt?i:R*S**S (S128D 

# BB ) o C © 51 iP « m © X / K ? K * b T V» § * U 3 5? * U * F © ft K » , * ft 6 

©&in8iS©X/tt?M\l'Stb'tv , >5:*y a* 7 KOftfrCS, * ft 6. S £ £ it 

»b T V» 5 E M d ' ft It S y df 5* * b * ^ F K © ■& C m << X U X -l" X b# 5 <fc 5 K SB 
jij d ft^/uf^S t (O fe & So 
[0132] 

37St*tiWffiffl©7n-7tLTffl^f 5„ 1 o © pj 16 ft 7 y -b ^« Stf U 2 8E 
fcj*SftT^*. ^©igi-C^SftT^S*?^ E0J b *S 1 ««© * U * * U * 
H*S*t#«S*«. BB?iJbtt, tftW-r^* aH©-W©E?iJ b ' IS 

So * v> , gij cd m M © / e ? * in a s . c © to a s © x / n ? t ft « l t ^ 5 * y 
§ ± 5 icisw^«©SE?u c ' icjtbTffl««ftB5ijc*-w , r*to-fi , a&*. i*pa 

« O y- / & ? K # * L T ^ § * 'J P 5? . * U * ^ F © ft 2MC (t , 37Xn-X±©E?iJa*5 
ct t>* a ' K. M b T W ft EM a £ fe Id: a ' 3 7 X a - X tP * , X 

;t?±Ot'Jd5!n^fFi:A^7^^X?t5 0 § 3 7 X a - X > 3 7 Z * ts 
t J VL ? K W » b T 1a & £ ft a « ct a ' ft W b T ^ § CD T? , 3 7 X n - X » , SV^a 
^XyX^XbT, AUKtim bfc^MSft^figbT, «WpJIBft*<k**# < 

So « 6 Kmoy^mmm-ea. mmmv-f ;%i=?-*\ ea c t mm a $ f C « a ' ft«tc 

^CySS^ya'X^b^f-FtcBt^^tfSo 

[0133] 

^ p -t ^ k * , i-D©««*»*©«*©»^**ta , r*fc«>^ ^s©is5ii5:ttffl 

X 4"° -y h ft 89: # 5 o 1 a W ± © « SI ft ^ W t S M ft ft § X # y F K 1)Q ?l , 

7\ 377n-7J3iD*e^^'Jn , ?i'Utf-F?fflV 1 T, ± $ © # j* © 1 o T 7 «y -b -f 
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com d os»^i*t5. 

[0134] 

t d± k: ffi ^ ft 5 o IfSU^Ii, « & S ( « X. «\ & ft «k tf ffi ) Bt;fi?7*5. B a 
ssel 16, J. Cel 1 Biol. , H 1 2 6 # , 863-876^-^(199 
4 ? ) ;Braun-Howland?), Biotechniques, S 1 31, 92 
8-93 1 ( 1 9 9 2 ?) *lO*(HlCfflV^nT^«t/tt?tf*Ol7C 

. B r a u n Nature, S3 9 1I, 7 7 5 ^—7( 1 9 9 8 ?) #!£. £ t 

[0135] 

^?,fe(D^^©#ias©^/s?^ffl^ii7-y*^©^a ; sr^t<ti^$'^§iit^iij 

WLtfcD, *Ofc»K, t/l?l, g|t|7n-7Jij;tf37/n-7%«bft<t 
Ttsc ttf&^o 

[0136] 

T ft SI b f# § 0 aasx+tticii, s s* * - F T* » b # 3 n y t? a. - * fc X * * X 
y-f 5©Kfflv^&ns t © T^ix + tt) > c©««i**fc tf»**». 

s « 111 a m © « * * m m t % m © r / w x , ft m © a s © y u - x - ^ « s a a s r 
;ux, feitf'*5i0fltcb/c^oT*«^x^^y-r5J;9ic*^^nfcii*§yx^^t 

„ X + ^ i-(omm S«±©KliSffi$£X** ±© l lf$'-fe;l'£ D** < tSOKt 
< fttffttf ft&ftVo X + ttli, ffi*OS*fc«lcfflv«#*^, fib, 7-v-fe^ 
J: o U^tttUpr^*S<btts S«*-#SCbT«URb4ttntfftCftV> (flUtf, 

fi^tittuiiff^^) c x + + ta. aix + tttui^, * ^ - x + ^ 
aiipi!*v-x* + ^*'Sfe!8 : $bv^o ; e©<t'5^x^-vt(iaffl'efet), si^ial 

15, Epson Expression 636 (600x600dpi), 

UMAX Astra 1 2 0 0 ( 3 0 0 X 3 0 0 dp I) , SftttMlcrotec 
1600 ( 1 0 0 0 X 1 OOOdp i) £ ffl </M# 5 o X + ttli, ll^X + t y LTi 
fei«*^PtXt5ftftf!)V7 h^irSn-FUfcnytTa-^KO*^. V 7 b 7 
178, Adobe Photoshop 5 . 1 & £ C o r e 1 

Photopa int 8. 0 S t* Ol*V 7 h ^ I 7 T'fe o T ? W - X * - ;V 

m & ffi i+ * v 7 b 7 x 7 * ffl ^ § c t k cfc d , 7 -v -t ts * © s ■ ^ a # ft & ft § . c © 

y 7 b 7 x 7 -e , *7-X#7KDfe»*i5«:i:t?f il © # ft , « K © ft , 

sftttfois&sitsftftttistsctisi'ptsx + ti'ift (flutr. 7i> y b 

7 7b) *4ltKi:tft*t5 0 $ It. mfai® 5 KBm L fc & ? % 7 y J z m *b t T 

57^^«iu, itttjsa&^tei ( £ * '« 5 a * fi ) %fittiss^itfi ( * ffi 

fiH5-Pttf.fi) ifi 1 6Sfi LTSfit 5 l t^T*f 5. ayKa-JB, §I(clSAl/f 5 
9 ip - y > ; i, a y tf a - # T« « t> T * v . d © <fc $ £ , IS * y 7 b 7 x 7 ^ n - K ^ n 
T^SII*Pny lfa-^fcoav^8{tpX* + ±*ffl^5 C fcC «k 0, 7>y^£»«± 

M a - ^ icfE'M^ * § C i: f «5A,, BfS©*^Ktts ±0»*ft«»^V7 

h^i7^ffflt^ii^tfnji-e$5„ 
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[0137] 

& x © m m a 7 v * 4 k. m vm# s -r / a ? - * y ^ 7 7 u * * k a « # bi 7 d - e 

KSfntV^. CC.r^i^a-^J (un i ver sa l probe) fC tt , * - 

i^ij t s ^ >j 3 ? ^ i/* f f *Mt« l t ^ 5 o t n 6 © * 'J J 7 7 U * F « , '> ft 
< 1 1 2ooap»*^trE5ij*%'r ««-&*y 377 f nw/'j 7V xl« 0 

^tiJi?n^F*ffl^5atft*t, r 73 fig 7° a - 7 J tt , tt •& * U :* 

[0138] 

*»WOfao^<©millB«K:*V'>T, ttffinlffiftSfbtt. *'Jd?*.U*^F« ^ a 
? , sfcttt©M^*, / a ? ± © * u =1 51 7 u * f £ « « m m t m 4 7 U 7 -Y X 

iD4u„ 0y *, «\ #i^j;rf¥#f*f/g?titiLT^^'j37ntf fid, 

BtcttltS. t>tt?CWIlT^4*yd?^*^HIi» 'W7iJ XYXLT^ft 

vttiBT?tt, t;ttfkflittii/, toe*, tisi)K«isn§, 

fiW«KtA^7 l J^'fXt5k, ^ 7 S ? ft* & M PS # ft ft fe « » K ft 0 , * ft K <k o T 
, St ft © $f ft ft '£ t 5 . m 2 0 A # BB 0 * >; J 7 7 1/ * ? F ft < ft § O ft , '> ft < 

r«^t/-cfiaft±i?Sffi^ft§fc©%^fe/£±^©^1 s ft©7 7-b^ff^ictfflvM#i.o 

[0 1 3 9] 

#y 7 V*?- F£3lft#?-c-®llT 5#i£:feJ;tfB)fc*8!l£"rs#&ttSKafl5#» 

t? s js wi -c * * . i a ft n ft # ? fe a M a ffi % if t? a a *n & o s * ft (c a 7 ;v * u -t -y 

/8?liiftlt 5"P$3 5 <> 
[0140] 

* y =f 7 7 u * * h * ffl v^f 5 o aaftiHtitti, (#'Ufi/ya?, 

a ? , 7 7 y u - f *5 ± 7 7 7 y u - f- a ? ft 2 © ) # y - a ? , « 5 7 a ? , 5 r 

■y Ufi?, t7 7 D-7 lf-X*«fc tf SKfiflS^BF T ial » © ffi © ^ « ft S ? ft^ tf & 
ft§ 0 tOi^ fttt^fc* U 7 U-*^ K*tf«*-&*tfffittSRa«#IFt?l4fllttT? 
fe^cChriseyS, Nucleic Acids Research, sg24#, 
3 0 3.1 - 3 0 3 9 ^-? ( 1 9 9 6 ^) ( v X ) *3 <t tf C h a r r e y r e h , La 
ngmuir,i?13#, 3103-31 ( 1 9 9 7 ¥ ) . Fahy^, Nu 

cleic Acids Research, S21l, 1819-1826^-^(1 
9 9 3 ?) , ElaissariS>, J. Colloid Interface Sci 
. , 1 2 0 2 1, 251-260^-? ( 1 9 9 8 ?) , Kolarova?., Biot 
echniques, |20l, 1 9 6 - 1 9 8 ^-f ( 1 9 9 6 ¥ ) titfWol f & 
.Nucleic Acids Research, |15i, 2 9 1 1 - 2 9 2 6 ^- 

? (i 9 8 7 ?) (in-/7f7n) #i 0 ft K , ^ « ft "i s ^ c ft e © a ? ± 

C J* b T f ij ffl W «g 35 0 , * © * 5 ft a ? C ffl * & & c Ifl X' t § o W » (C (i , * ;l/ jp 
y K , 7;l/rt F\ 7 5 7*, ifl/^i, t F n * ;b S\ 7 ;l/ * 7° F S ft 

2ft^5o^«*3j;cj ; ¥#tt^7a?^^J6fct7a?^ffl^Tt)i^o 
[0141] 

2«©5£1tftHHi, «#ft«!iffS8#iiLTd6itf at»?ns. ^©J;3ftffi^^ 
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Kt/BSi^cDt^fttSKfiffi^s-esasifS^ ffil *. a\ tu + a?- • /a- 

7Xtt (Molecular Probes) i^Afff So »2) ft fc ti^ «4 

«lCt)l>Tt^^-t5. /N^7^^Xt5t, dialiifiSt^^^ (I20B 

aOfeO£v'7H5:i;> SftliaOS* C iP ^TdOSJttfliiltSi: E £ o T 7js 

x * ;l/ 3? - 1£ a ^ jg C £ f\ diDS)t0»i!l , IKJn5 , P*55. £ S J; ¥ « ft 7" / 
^ 4 7 V 9 4 -if - S' 3 V <£> X to 14 » d SftBatdBTSS^KiSDtO 
XJPtioTSSnSTfei 9 (±3B#JH) o >a ytt a icWtHTSit 

[0142] 

<£ tf / S ? (4 , gf^4 1 *5<ty'S«±^^ffl'?n?.t©^^fcfc±3i07-y-fe^ff^t 
ffl ffl b tf S „ SiSISOi^, * 'J ^ 7 £ b * F B3 81 « , 0 1 5 A-GKSSnTV^i 
±5K«««»E«S^1-«J:5K»$L<H:»iR-r*. HI 3A-Bi±tf«l 8 CSS 

«#fti)t»?*jai?t#5„ HI 3AtiSnT^5»ST'li, *«K(*»L 

TV^* y 35< * b*^ Ft4 d T*«bt#3o S«»?«noflS©8i, W * 

, /n 7 y * w x f s t m a rj «e & ^ * ^ * * <a t s * fc » * m hj m & * >v \c m 

[0143] 

% ffl „ tyd^ji/^^H-t/afftfifttt, ±a©J:5Kii>iiuti*. * y 3 * 

Kt5f f *X5*BX7i7t«tS*«»S ( 0! *. ti\ Cha r r ey r e 
6, Langmuir,fgl3#, 3103-31 10^- 5? ( 1 9 9 7 ¥ ) "> El a i 
ssariP-.J.Clloiod Interface S c i . , I 2 0 2 #, 2 5 

1 - 2 6 0 ^-y ( 1 9 9 8 $) #Sg) 14, *'J F*S3t»?T Ilt5* 

2 907'0-7%gMSt 5 fc % ffla«jg#je$sn5 (0 2 1 #Si) o it/I^Ofi 
1S tt © fe «> , 7f-yn$^nX7x7K«ILt^§^)d7ntf FO^ili 

LTV^ftftE, lo©£^/!te ; ftf£<©?83lftffl#?£t!3ftbf#S. b ft T , 

D , KJtoa^SfcttSfBHiBlttlBSftS-r. b b , 7 v * -f IS £ tt , » * © * M % « 
JLItliBJitl^TtffitSOtfSIL^ (0 2 1#I) c fRJLKttJftBs #t/fi?C 

« 7L K « « ti , » ?L K fi * ifc if b fc t f tc , it/i?^i?L^IIltl5i^t < , 
7 f'yn^nX7i70*^X (|g) i4, it/S?C*^X (*'#) 
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7 -f )l$-*m, ffilJt , 3!«#'J77ftl?-'Jfy (5 y #7ti (Mi 1 1 I p o r e 
Co r p. ) fr&rflJS*ftTV4Du r a po r e T M ^ y7by7-fi^-ftJ:'OP 

VDF) (S. $ xn > • •brtls—i' a > Xft. (Micron Separations 

I n c . ) fr&rfiBgSftTVSAc e t a t eP 1 u s T M / y 7 ^ if 

cD ) «HfHj;Vp-^tf#tfBh8. * ©<t 5 ft«7LKtt«»±s MmmMt 2«©7a 

-^64*«iii*«Ru, ffltte* a, (£t7S?©#«K 

it«) * / t° ^ ft ( & t 7 8 ? «fc 5 It ft © ?B ft t ffl t 5 ) DtO^jOtioT 

Msns (8 2 o Kttisje (isw«s©^«) a, mufttf mttfcft Lit 1 1 

C^-f /tt? **?LK#fiO«l?L*iia b (bfctfoT, 3£ft©ffift#jg<: £ftvO , 

oafi7T7n5^DX7i7i!)^oitiffi^n§fc6t, afe*±ffS3tt<t^T 

II B£ s ft § (|2 l#I) 0 S t> \c , fig 14 *S m © 41 •& , &)E*5*tfg£fcJ;iBa©raSi:b 
n &\ * U * Ix*^F7"p-7 i:i«*liiofiIttoifiCo^TO«t*ff8c 

itfffS, HO^C, Cc7)^(iiffi«^SS^^1-oft^2 4tS*©3fmol (7 
iiht*) ©-#§USW$Ki:, SJ24SKD20 fmo 1 © r * §1 fll W $ tt £ V"> 5 
'> * , WBTfcWSftfco C © 7? ffi & , * © ffi ffl ffi t « * T ffi * T* % & c 8 ft « s it It 

u v 5 y ? t° m m £ it » us ?l st # « * is m t & £ w- t» * is * * s <: ^ # * , g ft ~> 

t, ^ftftjKltfctuffl^-K (f r on t-f a c e mo d e) £fflV^Ts @ IS & ft 

m m © m ft * m % l t t, <t ^ „ 

[0144] 

±fHHffiffi«a. ttfc, 7f7^X5^DX7i7fciLftt;t?K»lLTlP|Lfc 

& K , ffi © W £ pj f£ ft W 14 * W T S 5 * P X 7 x 7 43 X tf 1- J e ? t ffl W# S o W * x 

5#Uv-3E«8f*itft;S?*ffl^TtJ:V\ Wa t son5, J. .Am. Che 
m. S o c . , m 1 2 1 #, 462-463"*- S> ( 1 9 9 9 ¥) (*'JV-*Ift; 

h a n £ , Science, ffI281#, 20 16^-^(1 998^) ; B r u c h e 
z 6 , Science, fg 2 8 1 # , 20 1 3^-^( 1 9 9 8 ^) ; K o 1 a r o v a 
6 , B i o t e c h n i q u e s , £ 2 0 «. 196-198 *-5> (1996 ¥)#JH 

[0145] 

o©as©*ydr?^p^^K-^ys?«!a:ft:±©*y=f5t*u*^Ktt^*swsii<D 
e m <d m ft s m # t m 7 ^ ^XLis^i^ t a ^ w 7~ y ^ -f x l # ft ^ sa jy * M t 
ti^ 0 t / & ? ± © * y =r ? y u * ^ k <^ ib n k $t t t m m m ft bs m * % ts m ® m wt z 

2o<D7'n-7 «B«IJft*«)g**n* (I22#I) o #l$/clifl 

{* t 7 K ? © ffi )t # 14 © fe * , ^-7lK?lc#*LT^5*yd7^U*^K©S)ttt, 

iio-jiiBflijao-woia-pfg^^na. u fc *< o t , a « ^ * tf 2o©7n-7*$tt 

§Mffi©^^%*-^-bT^S^^ffiT?)ilt^nJtg-c--fe'3.«^©M / >S7cttgf^a 
©^»Sb^ (|2 2#i) o *?LK«RI4» VifthrctltK, ty W*0«l?Lft31 
WbT^ft^n^ft 6-4^ (122#l) „ ^< oaaftHaKWft^aKSW^IFTfJi 
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X o TUWUftZ (H 2 2#M) „ |g£b*frofc:/n-:7tf*W*«fr&ffi^WSft* 
OTJ, ;^H5^FSI)tttfi^ HttHe*©*^, » « © S ft B rSfi © IB R 

[0146] 

« &£Bij©ajt«an?tt, b7'P-7j (a 2 4 #sa> . f 

«iffl7?t-fC*lU«llJ£)i^l« l a*fett»il©«tt (09*. tf, » 

) ft * b T V S (12 4 11) o fit ? E * U 3' 7 7 u * ^ F * it m S -ft 3 7? 8 « ± §2 

c:ti60«4>tti!:^& 1 E.*W*»©E5 | J©»« , kfflaWT*5 (H2 4#BB) . it r v << 
byp-^li?^;:, 7° p - 7* 'J 3" 7 * b * ?\F * ^ A, T* V> S <, S7o-7*'Jd^ 
l^^^Kli, '> & < ^ & fg 1 t II 2 gG» * £ b T V> S ( 0 2 4 # PI ) . 7° n - 7 * U 
35? 7 U*^ F © H 1 3P^©iH3»Jtts t^S?±t@Sf^ntV^*V d 7 7 F 
©H 1 »#OE?iJ t fflffiWT-fc 5 (H2 4#») . *©*S£, tfj&tt? £ 7p-7* 'J p" 
?^U*f-Kfc*»«**Sfcs * & tt ? ± © * U =f ? * V * F 14 * 7° p - 7 * U p 7 
FtA^'J ^XlTtf^ h 7o-7*fctfT S (02 4#M) o 7°n- 

§ (12 4 11) o &7°p -7>t 'J p ? 7 b*^ F WTK»*BKBiWJ"**5E, b 
t '_^_^ ?T , ii?nTl ^ (BZ4#M). 7n-7*y 7 b*^ KfcSWt© 30 
H©>W7'J Jf^-g-i/g y^-^-7^7 0 ©* (A-f7'J jr^XLTV^Wtf©**) 
tt s 7 n _ 7 * .j J ? * u * F t m ? fc ft * b T ^ 3 * 'J p 7 >7 b * * F t © © >n -< 
7U ^-tf— > a y*-/*- 5 y ^"t BJUfrtn* D^tV 1 (0 2 4 #R) „ I>Wt>T 

c /n 7 y # x b fc 7 d - 7' * y =f 7 * v * ? f & h e ? * «• re b , 

[0147] 

^JHH©7°n-7^yp7^P^^Ftc{t«bTV^^m7 1 £ll©^^^^7 1 £b#?)#^T- 40 

Msn-cv^s*^ z.(D^\t, ®mm<D in sit u ^«)ts*aiH-iscfflv^So 

EttfttfyT-a-htttttt? ( F e 3 0 4 ) « , r W - 71/ tt ( D y n a 1 ) ( D y n 
a b e a d s T M ) * £ tf * V 9 X • V # V b U - X tt (Bangs Laborato 
r i e s ) ( E s t a p o r T M ) *3l&fcV><Ofr©»«£#fr&A#RlAiT?fc!>* * 
'JAn-hlttF e 3 0 4 ^- 7 ft ? » , -t-#EBB»Sftfc5"J*aiiMfc* ( C h r i s e 
yP,, Nucleic Acids Research, S 2 4 i, 3031—3039 
^-^(1 9 96*P))£fflV^T&«b(LiuP>, Chem. Mater. , Si 01 

3 9 3 6 - 3 9 4 0 ^-^ ( 1 9 9 8 *) , 8t tt 7° P - 7 t b T fe ffl V> # 5 „ 
^^/^^^ 4 _ ( ( 4 _ (S?>l^;l/75y) 7i-)V) -7 7) SItl (D AB CY L 
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£ C t ft SE m £ ft T 3 ( T y a g i 6 , Nature Biotech. , SI16#, 
4 9 - 5 3 ^-^ (1 9 9 8 *) ) 0 rBI©D A B C Y LX ^i'^'f $ J'/HXf /V ( # 

^ 7 ° P -7) H-»7;l/^;l/7 tffifetSSS:7; Hts^t^iat 

§ 0 LOi^c, ft m © iltt *4 ? £ fe « ffi - ft 7 ;1/ * ;V 7 5 7 S T? # U t - 3 - h £ ft fe 

fc * V> tt , DABCYLi^iltt, 7;l/*;i/7^7&«itffi«ftfr l 9lc, 8 ffi IS * U 

7n-7%«lfiJ:8«?t5 0 ta^7'J 7^-tz—>a > £ B'W 7 'J 7V-ri— >a 

y*Ecti5Eias*nsst, * ti £ o t , ^o-;tijd^i/*f FttM 
as. 

[0148] 

L fe 7° P - 7 * U 3 5? K*JBVTJtfe7'vte'ffcfcfSJB"*"«'C ttfftS. ffi ? 

/n-7*Vd5i^l/tf r 5 -f F 7° n - 7* & fll W fc » ft t % 

U p ? 7 KSiSLT, ¥&*4p- MKtttt^tf.*?** 5B*£ 

$ ft « c COltt, SfiP^^SftdfiOilSEJSUT, ttfeltlfctt^iTinttf 
t'f 5. 
[0149] 

Sfc, cfctfffitt, * «J =f? 7 U^T 1 K-BtttS? SS*i«E» 1/F7nffi6»?^ 
«f Ltl^yn-^t'Jd^^Pt^F^ffl^SiltiaO, «*jb*7yfe^lct)*S 

+^ici^tfiA J fci/F7nffi67iPtyilft&?ottio 

i*JtnJ«fcH*y ^XiSfil41^!H. |¥«*o75?Olt?*ffl^T, 7xP 
tyifftft*X*o7 5?^F^«g^'J3?^V*f-F(c(tf^t5ui:tfTt5„ 
M u c i c , Chem. Commun. , fg555#(1996¥) lEckstei 
nS, Oligonucleotides and Analogues, $ 11, Ox 
ford University, New York, NY ( 1 9 9 -1 $0 „7xP-fe- 
;1/***D75£'«<M4, 6 - 7 p * *\ * ~> ;1/ -7 x p -fe y & 2 ft £ & T* H H 1" 5 . 
jBfcOWSfcft^Ttt, 6-7nf\ + '>/l/7iOt>*7)<ttHMP Ajgffi* 1 2 0 °C I? 
6KHlffU, 6-tFD^J/At>'*7in-ty?:ilt5» 6 - t F □ + 

'>"\*'>;l/7xP-fe>*N. N - S> -f V 7 P if ;l/ x ^ ;1/ 7 5 y 33 i tf /? - *y 7 7 x ^ )V - 
N , N - -f V 7° P tf ;!/ 7 P P * 7. * 5 5 FOTH FgSrtxT7iDt-^*X*n 

*f FIl^'J^-^-f^t/Sf^iJflLTU^. Wat son6, J. Am. C 
hem. S o c . . m 1 2 1 # , 4 6 2 - 4 6 3 ^-7 ( 1 9 9 9 „ ZS/Mt'J 
p 5? £ U * 7 1 - F t R fS * ■& 5 fe * K x il 'J v - (C7 5 7 fifS'ltSMi© ^ 'J 7- (ffl 
x. , M*4b) fclB#&A,T* f)il\ Mo 1 1 e r 6, Bioconjugate Ch 
em. ■, H 6 # , 1 74-1 7 8 ^-7 (1 9 9 5 *) . «tt©#ftTK:fifi*fll«*'£. 
5fc, 1/F7 7XrStt7°P-7*y p? 7 Ffi, F 7° P - 7 5 IS « t # 

-Icft^UI:, «»offliniKJ:Ds SWRSK'W 7 y ^ ■< XL 
1t\s K«y 7Xffitt7P-7*'7rf 7 7 l/** F4ILT, «1ta? » 6 »S * h * 
Tf 3d 3 5 . * V> -e , U y F 7 7. ffi » ? * M ^ 5 C ^ ^ T? t 5 7 U v 7 * ;!/ ^ y * F 

[0150] 
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ffi ffi W ft E M * W b T V S o t'Jd^^tf FB, SSlCllJftTV^ 1 JtCli 

7^X^<y^) KT-ftttrnfft tfti^ tffili, (flUff, » 

it X Xft if © ) IffeoTi^o lilt, lffl«^a777H->a>gff^ffl 
^TffitU l^Ss Introduction To M i c r o 1 i 

thography (L. F. Thompson^S, ACS, Washington, 
D. C . , 1 983^)#!HoS«©±fc»is#-©&Bl©£SS53KfcS©3ft3$(& 
, Sfttt*OBS**llllT**J:5 K«(!)liS47l/'fttlcfiibf5. ««7W 
(i % ( W * If , 77f-y? - ^i^f j7^y^l, ^ - - 7 JN 'J Ffifrft ( 

Abbtech Scientific, Inc., Richmond, Virgini 
a) IXfSCttftSL, IIC5{'P7r?n-S'3y8**)li^Tffl! 

t5il tfeftS. Introduction To Microlithog 

raphy (L. F. Thompson^, ACS, Washington, D. C. 
1 9 8 3 ¥ ) #1. 7 U -f * ft H t S © K ML It 7 # F- V X ^ , ( ffil A (I > 70ti- 
ntt, * U 7 * ^ - 7 #1 S 2 X Bff ft (Photronics, Mi lpi tas, 

ca) 6 ) lAifls. &7WMft», 2-3©**HT*a*ic{5fj|iufea&*afH© 
FS^in^. ssxt^b, a«±©*yj?^u*^Kk«» 

^a^7'J ^XStf <5©fc*r«&&*ft'FtcfT 5. 5fcVT», aS*C*S'&bfc*»**S 

a m © -r / n ? t m m 2 ■& s . ^ / s ? «; « « ft w- tuf ft & ft <a 0 ^o±oftt;s 

ftf$lti5 0 t/S?tli, l fflfi©* U d'? * K 2 

© IB W tc *f L T ffi ffi W ft @B JO * =fr T £> > l o fit ± © 8 W © * 'J =f ? * U * ^ H # W * b ^ 

V 3 T? fc 5 5 . S»Xf7 7"li, t / ft ? ± © * 'J d ? * b * ^ K i: $ B t * m J 7 V 9 

s*©itffiMt#a > r5fej&tBfl«-r5tt'rT*aB!3, « « * © £ it *< i* m s n s „ 1 a w 

© / & ? IS T § t , @B©B[l*»iEc:& , fx c © « ffl tt , fe r> k * v m S M H PS * 

fljvsfrs t^^f^t;s?%ffi^s*\ s 7c « in ^ -r s so cd w «r ffl ^ ( 

fit, t y Sf ^llOllflt^&Lftl p ©*) c fc «t r> M fS L ft S o ffll A tf , i- 

c t t «t d u ***0ftaBjii6*SMt%£ja*tf*. naot/a? 

©#in^ + ^l?tt'S:V^Ji-&K|5llS%fflffi«-a:SSU©^}S«x S*EB^tT^5S 1 iS 
© i- / fi ? * > % Hgot /U? ± © * V =f ? * b * f - FKWLTfflfflW4EW*^T 

Xf77"li, 352aS©^/S?±©^ 1 ; d?^W^^F%lg lllOt/H?!©^) 

^^sicio^T, ii in © / m ? )■ * * « * s c t ?. iB«ot;fi?4*»t5 
BUOrtllffiH:, «*^7a-7"©ffifflT*fc « (±E#!S) . 

[0151] 

*»Btt«6E, ^K^^mf?>fei6©+-yhtii tt'f 5. tfHJ, 1 ^ © £ Sfi 11 « lc 
*5V^ '>ft<tfclo©SS8*^* % !1 © S §§ H ^ ^'j3"7^Vtf FiMfiLTV^ 

Ktt, 1 »»©EWlc»bTffla«ftE5>J*WUT^*. ^2fl»©^7fe?± 

©t'JJ?n*f Fii« ^ IK © S 2 » © E 9iJ £ » b T ffl li W ft BB JiJ % M L T „ § 
» * 5> K , «»-©»3»^£j!tbTff«l«aE5U*W'r*7-f7-*U=r7*U'*^K 

* is ts c i: «, t) , c © ns 3 ff b , KiB»tmz»»(o«Kmmtnr^i. 7^7 

[0152] 

»2©*«««K:fe^T, ^■yhti'>ft<t l t2o©gg§=&^^ t> ^l«Stts ^^©H 
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rJ?*b**FtfttSlb , t^5*/«t ; F*«8bT^5. * ^ h 14 s 6 tc ^ * K ® * 3 g|5 
S3»#ttS l SP^SS 2 »#©MlcE1I* nrv^i. 

[0153] 

8iJ©ttM«tB«E*^T, *yMis BU * ©8«fc Ao fc* 'J * b** F * * « 
fffc5„ * U 35? * b*^ Ffc itf/Sfctt^/ftmi* 

[0154] 

mtommmmKis^r, v it. < 1 1 1 o©^§§^#^o * 'J * b 

«*©-»K:»bTffltit«fcEai**rbT*J!K t'Jd'^^^^FOt/SftSWi 
LT^fc^*«fctt£tt» ; ?tftt*bTV'S. 
[0155] 

* / tt? E 14 , tt» ©■» 1 E*J K»LTiHIW4E?J*^t8*yd?^*^H 20 
tftt»UTl>*. *yH4*6K, $!?©!£ 2 aP#©E?UK:» b T fflM tt ft EM *W * * 

* U =f 7 * b^ Ftftt* LTl^t; SftfAo fctS 1 8«*^A,T?V>S. * U =f 7 * 

©-»E»bTffi*IWaE5>J**bTV^*. '>ft < 20©»#*£ 

tr»WSftfcE?iJ ^ ^ b^^ FtfAoftS 2 8S*$A;tfe D , 3BJR 

epjos i au»f±, a i sa^o^/tt? J:©* u * u** koemo* < *>- 

fro 

[0156] 30 

*U:f?>U:fr*Ktftt»bT^*a**SA,?^5. * <v h « S & , 2 »# 

©EMfcWbTfflMWfcBJy*****'; d?*P*^K«'W«l'T^5t/tt7« , A? 

b T ffl ffi « ft S n * m t 5 * V d 5? * b * ^ F * b T ^ S ^ / tt ? A o fe £ 2 8 

* A, T» V> 5 „ 
[0157] 

S &EBiJ©g*JK«fc:fe^ , r, t^tt, BiJ*©SffifcA^fe*«* t'J3*?H^f F 40 
6±lft;8?*llT^t±v\ » * , $r V d^V^f Ffeitft/fi?l^ « » 
tB7 «y ^£g|ffiT3MK5v^lWMt*£#ft tftUfft 6 S£> * U =f ? 9 b 

*^K*<ktf/$fef±^/s?tt^ c©##ftffl3i'r*fe»K'irtt(kb^*. * * ^ a * 

TfJlttLTt *V^tf, ^©^^, 7 •yfel'gflStflESIIBttbftttftfcrft &ftV> 0 
[0158] 

-r & * u n 7 * b * ^ f » it m b t a « * a h ? v> 5 . $ & , « » © s 2 

SB # © E W tSIT ffl ffi W ft E ?U K*Mtf LTV^'J*V-A 
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4V^«EB;, t / S f ^ I * tt II I ff ffl E ^ 'J * V - A t W « L # S i ^ 

fy*i#wisnT^s, t?ni, «bic, * u 3 ? * v * * f # ft * l t v * m 2 

?K:^»bTV'>«ffi2iia<!)*y=r?^l'*^HOE9lJ© , >ft<tt-aiJK^LTffl«l« 
5 o 

[ 0 l 5 9 ] 

* U d 5? * b=t?" F ffti* IT^8'>& < t t 2 II©t78f *^A,TV>5. K 
[0160] 

# V rf 5? 7 U*f- Ktf ft» lT^i'>4 < fc fc 2 8 ft © * 7 tt ? « fS K T' 5 „ «H{*7° 
[0161] 

itinStflSffifcCfc^T, +^MJ, * U =15* 7 b*^ F LTl^lIt, MHft7° 

A Lt ^§ 0 ?i*»7°n-7©'>^ < k t i is©t;s?ica, «»E?iJ©33 l 

fFffltlLT^. 8HiO*'Jd?*l/*f KB, SE»OlB2aJ»OEJ<J£»LT 
fflffi WfcE?iJ££ LTV*. SS2iiO*'Ji?>l/*fFli, a«fctt»LTV3*y 

[0162] 

8iJ©*JSIB«K::fcv>T, Ftf#ibTv^ifi*t^f^* 
0 ^-iJi^^fFli, «»©H 1 gH5#©E*JKttLTffl«ttfcE9J*t UTV^ 0 * 

l>5o * y =f? 7 Kttx ilOS 2g|5^©E^JEWLTfflfflW^E?iJ^ ; & LTV* 

„ * <v F « 2 6 fc s t'J Ftf#*Ln^'>4< t fe 2tlOt7S?%t 

tr»£{*7n-7tf Ao fejg 2 g&*£A,T-vS. 11<* 7° a - 7*© t 7 tt? 14 , * ft * 
ftfctt*LTV4#y 7 u*^ K0-»tf/W7y 7" X L fc t& & £ UTHV^EtS^ 

V>*«K»**tf ttVfctf'J =T? 7 Ftf ft *LTV>*. 

[0163] 

«64S**ItK6V>T, t?Hi, *'Jd'^^^F*MtlUt^t/6?*U 
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a , is^*'; 3**1/** k*«»ut^5o * is ^ * u =? 7 * u * * f a > t^i?i 
na-&* y * i/tf kos 2 «»©EWtt, aEfltftta-r^saafDE ai o - » t « 

ffiW?fcSHDHfc?T^Tfc*V> o »J0&iit6*fcfcV'>T, * y 3 7 7 b * 

fctfAofeg»*£/uT?V»4. SMOSSp^ 'J a" 7 7 b ^- f- Fli, '>ft<i:fc20©g|5 
#&£trE?"J*£ bTi^S,, t7 e?±©# U =f 7 7 b * ^ KOEJUfcfflffi 

[0164] 

KtfWIlT^*. :i 7 7 b * ^ F © S ? Mtf » b T ft 7? © * « a x * ;l/ 
ttttSJttfl-^Tfcot J: v. 

[0165] 

f*n5^nX7s7* t Xoft*l*«**A < T^5. :* y :f 7 7 b * ?• F a , 
IH8»OfiJ>JtJ*l/TfflafiftEM*WlT«s!), Dt^^TlI^nn^. 

a s 6 £ , t v dr 7 7 u * ^ f # ft * b t ^ * § a 11 © # y & ? & a o ft if 2 § gg * 

J»J * =ff b T V & o 
[0166] 

f£li¥»ftt/ftfil) 1 AoftSl8ffi*«A,'P^5. * y 3 7 7 b*? 1 Fa, *S8?©BB?iJ 
© |g 1 g& »£ # L T fg If W ft E 8J £ t b , « 7^ # ? ? IS IK * ft T ^ S . t»HtS6l£, 
^ F;tiMtiLTl^S2ilOtlS/cft*f#t/i7tfAoftS2§ 
Si * A, T? ^ 5 „ U 6 © * y =f 7 7 b * F « s M © SIS 2 SB # © E ?U £ *t b T *1 *i W 

[0167] 

*f7^F7"n-7a, ^iJn^n^fFftMtilTl^ST^t/ut'l^, * 'J =f 2 
Tffi«WftEJ>J*WLTV>S. it r 5 -f h 7° a - 7 tt * 6 K , t/fi?EMtlT^S* 

y =r ? 7 u * ^ k £ m -y 7" y 7 s x b fc 7° p - 7* * y =f 7 * u * ^ f * fs h t? ^ s . 7° a 

3? * btff- Ktt» 1 «#fc»2»«-**rbTV>*. Slff#tt, ^/tt?Kft 
IbT^St'Jd' FOSl ^ © E ?U E j$ L T ffl II « ft E ?0 * W b T *3 0 , ffi 

8P#fct^ tt»©EJUO-»C»bTffl»WftE5"J**bTV'»S. £ /c , 7°p - 74- 'J n 
77b*^F©-75©*4&i£a, H-?-»f* ( ltilTV^„ 
[0168] 

n-71i, ^iJd^l/t^FAMtlbt^ '*"'> ft< ^fc 2llOt/l?S$/uT*^5 
o M*i*7°a-7'©^7S?tts *n j Fntft*LTV>**y :J7 7 b*^ FO-iff^ 
W 7" 'J X -f X b fc *S * t b T 5 £ ^ t T ^ § o K&tt 7° a - 7" © '> ft < t t llffio 
t 7 S ? £ li v « » © E 81 © - » « b T m ffi W ft E W % t f S * U =T 7 ^ b 4" f- F ft 

* b T V> 5 a 

[0169] 
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- 7 tt , * U d 5t * 1/ * H * b T ^ § '> ft < £ t> 2 « £ © t / « ? * S A, T? ^ S . 

M n^7a-7©t y s?ii, * ftfntiti u^s* u =f ? * w** K©-»tf >w 

{tilths, 
[0170] 

fc, '>ft < t fe 1 tt0*«tfEH*ftT^****Str. »* bV^MfiUc^T, s 
files, f-8»o««o»»o«ffi> fcftOgfcSfcftOfttfiSfctt*®*** 1 *^ 

[0171] 

^^M^SIC «»0«tfflK:Wfflftfl60Mllfe ti*fctt, P C R 

cd — sp 4: Lxm^^nm^m<D^SKit, t l c * u a 7b- b ft H© ('W7'J^^" 

S fe » © ) t-tt^*7-tf$Sn5. * >y b £ & > KSfcBt/S??:t 
[0172] 

tt»*HllcBBLT±abfei:*D t*$5. ^-/tt? ±©*'J =f ? F 

*«#*«i8S#*Ott»4raB<l'i»iTJ65. TmlciD»aU 
) a^7'J JfW-K-S/ 3 fiOlS (N a C 1 £fc«M g C 1 2 ) *S <fc tf *©» 

scjstTaft*. *& © as # *s .t tf a a « x «o^ftTi^DO'«ii?it?*5 

d tit < H5^oav>^ISSffiT?t/a?±©* , J ^5? n*fFi:WJ:OAY7'J 9 4 
[0173] 

t/777n->a>ft««tS. Z.<Dl5m$, M K * *X fc E?J * 
ft5^ft<itlli©ie!i-^?^*^P*fflSt5Xf7^4§&. t/77 

t> l < tt*/*a©»#©inttt> u < tttsuattKM-rs-efc* 5 o * i «£©»*§* u 

* / # n is £ tf t / « ^ © E . SB ?L -9- X «t tf flfi © « 3ft « *S £ * 4 T S T* * 5 5 o 
[0174] 

ji u 3 ? * foswb, -f/s?±©* y * Hei^s**ft»© 

[0175] 

t/tsoi^tii, fl*ii5EJij*«t4*y =f? * u** KA^iit^a 1 as© 
9- y « ? £ b ami t> ft < t £ ^ o as * y ^ ? * u * f- f © 2 o w ± © »a^»^ ^ n ft 

^^ftp,ftv^ 0 »jitt\ ii7#i. &tyfe?±o^'J3^utf fb, ae*y=f5t 
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^U*^K©EW02oW±Ott-&a5»01"3K:3tLTffl*IW4E5<J«^bTV^*-Tf*S 
2 o©£t±©»#*fH*J§'&* *g-&aG«-©E5U«^ ^ K© 1 ooas»*8ij 

[0176] 

, a^Sfl5^HT*ttSI591T** *> . ftSOt; 7 7 7'J * - 3/ a y ft H £ fc> # T ft 51 ft L 
?#5 (±E#S) o X f 'J y-^'i > F 4 a ^7 'J ?V - -> a y I ft » H l \ 
[0177] 

±©*udf?^u*f-Ktt, iziaot;isfio* , J J^^l^^^HOfi^^WLT 

^/tt?±©*y:T**l/#f-F©EMfc»bTffitt«aB*Jfc*rLTV'5. t/i?- 
* y rJ* * K«Sft*. t78?tft U J 7 * Fa ttl$ oT 

K%svic/N>f7y^>fX«**©KW»a*ffTK:««i«**. c © * « t ^ c n & © 
A^'J^^->a^ftS, Sififfi^B t* « J5I *n t? fc 0 « »S«t;7r 7'J<r- 
$/ a yl+fflt-&fc^TS3ift b#S. 
[0178] 

sa-y =f ? * u** K©«*. F«is$±tfEMii> »& 

[0179] 

tfc, ^/*i?©^X\ £tfft#*l)£fc, ^sns^/ttftfeitft/W*©^ 

W tt , a4©»«*T*©fiJ£tts HO ?L « <t tf f - + y * ^ -9" 4 X © K ft , 7 w ^ * - t b T 
©«*J*jRfc-rH©4*?Stt» : f ©»««* EtfSSn*. BfcStf'fX. «#fe<fctf/ 
s fc«ft¥fi;t^WT?)^/e?rg^^©«fflKto^T, «-4it>fX, fcttfcitfft^ 

[0 1 8 0] 

$fett^/*3fi©PBttiB±tf*Jt1*ttk:SF#1-*T*&5 do *V 3? * b*? 1 Ka** £ 

dT7^U*^K*ffl^*{:4:lc±oTJ«» b'# S . *** U =f * * b* K 3 * * 

*©l«ttttx ££r*»#y rf? * Ka** * 'J ^K 3 *^ 

5 * 9 KfiMWEfl* WT § 1 oJ^±©&ft*y =f 7 * b * * K*B^T*» b 
|5 0 fl + ->^7/'>y (deoxyquanos i n e ) $ fc T * * f f f - 5> V H 

[0181] 

& & © ^ < o frtf 13 ffi £ * £ n T „ # Mi & & (01) T-li, -S©t/8¥*7 Ftt 
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a 7 y ^* ^ - a y t ft T ic g ^ 1 5 t , zooigot/af*', t/if 

[0182] 

tt ? ± © * 'J =f 5? * L- * ^ F K £ & S ■£ 5 fc £ © '> & < t £ 1 £ k IS 2 g(5 # £ *f * § 
il£D^tts a#Wfctt«»ftffiteK:*JfflSttSfc0fcliilU-C&Sff, fflL ^ * 

3 7-/ fi?-* V n ? ^ F«tg&^ hfc«MT*&g*<* */tt?H©iate* 

fissiDKiiwrsfisia^aftattr*. 

[0183] 

^/tt?|«lca£IBH*«mr*fc«>©*6K» J 5*W'ffl«'H4lcw*nTV^5. ClO« 

7- / s ? pi k. $ m r. # m * u j * u * * f SB m # f§ & ft § „ 

[0184] 

F3*^^l^5^ti^TiILf 5. H*i*i«S**l£li, tT U 5 ^ 

y : / ij y : If'J 5^ytf-7 (Moser, H. E . liiffDe r van, P. B. 

S c i e n c e , % 2 3 8 # , 6 4 5 - 6 5 0 ^-7 ( 1 9 8 7 ) ) Sfeli7'Jy:7' 

ijy: ^'Jv>*ytf-7 (Pi 1 ch, D. S. 6 , Biochemistry, $3 
0 # , 6 0 8 1-6087^-7 (1 99 1 *P ) ) © V T ft % $J ffl M# S . ^'J 57y 

: y'u y : t° 7 5 7 > * f- - 7 * ffl ^ fe H*«H 3 * 2 * © II H C «t § 7" / 8? ffi IS ft © 1 

oowfliBi oKS«nti>«. hi o k m « ft t v * & k v> x , ioct;i?t7 

F £ tf 7 5 7 y ^ ^ b ;t ^ F £ ^ 1! £ $1 £ fcn "a 2 ffl © -te y F ; Sr'7 0l J>'7^l^^^F 

2 l^f- Ffcftl*. &o l©I*©^3(D|B, 7-^xf^-yi^lM^Mtfii? 

*«*^{**SS<bf*!:i:* 5 >P6ftT^* (Salunke, M . , Wu, T. , Le 
tsinger, R. L. , J. Am. Chem. Soc. , H 1 1 4 # , 8768-8 
7 7 2 ^-7 ( 1 9 9 2 ¥ ) ILetsinger, R. L . UtfWu, t . , J. A 
m. Chem. Soc. , » 1 1 7 # . 7 3 2 3 - 7 3 2 8 ^-7 ( 1 9 9 5$) ;Pr 
akash, G. *3 ± If K o o 1 , J. Am. Chem. Soc. , SIMS, 352 

3 - 3 5 2 7 ^-7 ( 1 9 9 2*)). 
[0185] 

iif rp y ^j tsoA^s L^ip^feSo c ft a s tyjjj'i/tfFt, ^ flj & 
nfta*fi*3io c fcK±^Tas«b#*. u©fcfe©'Sffia©io© 

81 t T ^ S 2 O © 7. f- ;F ^ y 7 * ;!/ # * +r 5 F M K. % >A % ( 3 4 0 n m ) *S»t4tS 
JBCSfiWtfaaSftSeifc^lEWSftfc (Lewis, F. D. 6, J. Am. Chem 
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. S o c . , fg 1 1 7 # , 8 7 8 5 - 8 7 9 2 ^-*; ( 1 9 9 5 $) ) , 
[0186] 

ttbOts ^*yh7;V**i*/M,Tt/8f03' ffi £ ft » * tl T V S * y rf * * 

S * y =f 7 * U * ^ K © 3 ' *S©?**X*'J;Ht\ Ht57?g5fflV>TU^ 

Cfi«**8*'; HO#«ETTI4x h i/ ;V S ^ * * X * 'J ;l/ » T* S & £ ti 

, S*iS^2O0l4§t/fi?lc8^lftt'Jd?^l/^-f F^4i1"5. £ © H S! © 
MKf&fcBflUTSx HerrleinS, J. Am. Chem. Soc. , 11 7 7| 
, 1 0 1 5 1-1 0 1 5 2 * - V ( 1 9 9 5 $ ) * # 19 £ tl It V» „ * * * X * U ;V * V =f 
? ^ l/tf F^, * ;i/ A 7° F 7 ;!/ * ;!/ - * U df 7 2 u * ^ F © & 7 tt ? "\ © ft * t ffl 

& n § 9k ft t t* a & 7 s ? t g $ t * ^ t i> 5 « n 6 > ^;i/*7°FSft/rLT-f7iK 

L > A y 7°U y ^KJSKfiJfflTf £*S^**X* U * * tf& * 7 14 ? - # 
[0187] 

i^L/ct/t7^*l«SSIt*n »y **Sfc 46© MM* V f 'J y^Sfitt, G r y a 
znoviiitfLetsinger, J. Am. Chem. Soc. , |1 1 5l, 38 
0 8 * - £ IB ft © <fc o E * *S7nt7tf*75/^V*'>F©7a; KO*if 

* * x * y ;i/ - * y n 7 7 u * ^ f \c ct s a & ft fy ffl t s . c © s js a , ia©f->7- 
5/aft*^xti-5^y3 7^P^-9 L Fftffl?#i-5^/e?ftiiiKT?»/cfcEii,^'r 

, -SO**tf75>/Jij'I/*-J'H (ffilAtf* 5' -7.57-5' + 5*;>* 

fc tt 3 ' -757-3' -f^^'>f;-;y) ft * tH » t L s flSJO*Stf^^*7h7 

;i/ * ;b * ft * ass A t t s * y =r 5? 7 u * f- k ft m t % o *v^t, 

F # S ft ft 7 n t 7 -fe f- ;l/ 7 1/ ;l/ ft SI i: g jtS $ ■& T N - 7 a * 7 -fe ^ ;P 7 = 7 3f 9 ft K 4E 

[0188] 

i|-&ftft M tf) ft i§ m T* n >y 7 T £ fc i6©fg 4 ©£ y 7° U y^tBS- * X * U ;l/Sft 

2v, 7 x y y 7 7 It A 'J 7 A (Gryaznov*5<fct/Letsinger, N u c 1 e 
ic Acids Research, Jg 2 1 # . 1 4 0 3 ^-^) $ftli»*4Z08 

[0189] 

see, ckt>"^7»ifi©#tts> a«*y J? h.»jc, 

aKiDStts^fs. tfntf »*«n»i-ea&s («y*tfs uhi 

mann, E. fii(/Peyman, A. , Chemical Reviews, Ig90 
# , 5 4 4 - 5 8 4 ^-*; (1 9 9 0 $) # . f fc , * 'J J? > Fitt, 3* * 

u**KSS##y*:/*K±«fc<fcoT«8snT^* r ^ 7 0 ? f « » j m (pna) 

•ei»LS5 (Wl t tung, P. & , Nature, S 3 6 7 I, 561-563^ 
-y ( 1 9 9 4 $) # fH ) „ 
[0190] 

df?*U*f-KOft*, E JiJ * ± tf tt O , t/8f t#f St5^'Jd'?^l/^-f F 
©fi$, E5U*J;tf», ^-7S?©^^X\ # £ 1Mb 9* ffi riu fflv^tiSSftSjie 

* y 7 * u * ^ f ± tf 7 & ? © ft *j «fc tia ; Fn^^oic 

»*a^LSCi:fc«tt), ^Rtc^^S^3gft<itJ ; W'ttftW-r§^7»5H$3<i;y'i-7«)fift 
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Lfc*K * U =f? >7 U*? h'tfgmit Lit D , KOii, 
[0191] 

ot /Mfc itft/ «3Itt, Itf'tyD'-^LT* ^yifa-^K, &8iJ&WfflK* * 

OlltLT, tefflqJ^-efcSfcSSSttSo iCBftl&ffl^CMtTfi, - tt k , Se 
ernan?,, New J. Chem. , H l 7 # , 7 3 9 ^-5? ( 1 9 9 3 $) 

Ko^Ttt^ftDiii^nTtft. wTos««ziKS«nn^i5t, d n a £ ft 

LTl^lftt/tf BiM^fiSt§ (DNA3*^^li¥f#itTiit5) . 
[0192] 

[0193] 

±E7?ffi{i, ^/a?KtS^U»*«ffia*«tf»»«<«We^LTV^6*U f u* 
f F^fflSt§7f-y74tO» ^© i 9 tt&ttk'gm&l*. *V d?W*=hYti-; 

«\ 5 ' $ fc 14 3 ' ^atJ/l'ijy^-*, 7 ;l/ * y V X ;J/ 7 4 H, S » « S V s 7. ;l/ 
[0194] 

7k* t> * v 3 ? >? u * =?- v 1 1 ; t * , '» a < kfe-»o*y=r?^u*^K*wffi 

ftSLflS, 0Utf, 1 2-2 4SIF^'I04$Sltfl^5C i: *ij L fc „ ffi © 38 
[0195] 

£OI«IHIIHH*«V^T»iiPT*J:fc**«rs.aa*WMIIIIH14«»»Kft£U»S. 
[0196] 

Siso^tyj^fili, *'Jd3i*l/*f KCIv^^ottSAi:, IE fc » * t it t / 

ftA*iH»E*'>?*8t« t/l?i©ty3^l^*^FOlBSfi^ltfl<S 
ft^bU<>i,©iSSi4^^Wk»t5tWkil^:«-a-5©^ffSb<, yysafiS't'fio. 

1 M~m 1 . 0 M©^fb7- h V S^*»»fitf a#fc*SS*£ U*C fcfl'fiJWLfc. 
[0197] 

js * as ad l it % , i&mm^-c-s *yi^i/ifFtt/8?^, mm<D* v ? u* 
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t F £ r ?tTg£ft i- 7 ? - * U 7 b * t F # & ft £ £ fi£ T 3 (OK. 

+ % ft ii in b# n -r y ^ a * - f t % . wTCBitiiifitsi^ic, t/gf-to^'J J 

7 7 U * t F CD St ffl ffi a *Ui fin T § t , # & £ £ ft T S C # ¥'J K b fc . 
a ^~J/3y(De!Bli»KWKftSli5. -&It^l2 4~4 8 (»H<li40«H) © 

-S/3>«HBT?feS. ± $ © £ 9 t , « » g « , co^tmiHIfcfcfcoTilriitoK:*** 

o c 2 4 y* a ^--> a vnm*. ^mmmt-te mi&i xt 

^t«it*. £ © rjsafiE j X t y 7° £ $ b fc ffi © * ft & M « £ $ £ M# S o «! * «\ 
iiTO-fy + a^-'/a y & £ p H 7. ot'IffftglAMHns, 

[0198] 

jkT^©taLfcSffiSg43cky'mM©^/feT^^Un?^P^TFOffl-&-& ; Srt#?>© 
£ S ft * ft « , IRWtft^ltHo - IK K , SSftt>'8?-*ydHV*fH« 
7 > ft < t fe 1 Opmo 1/cm 2 OMSfitfllffe^. S ffi 
$fili'>S<iU 5 p m o 1 / c m 2 iff $ IV\ U FtfiS 

3 © T~ , SIftfltt»35~40pmo 1 / cm 2 KT*»Hl\ 
[0199] 

#HBiM»£teffif 5J§£, rssftj ktt, «ft{*4*l*'>ft < fcfc 6 *EMfc, 

© * V d 7 7 u * ^ F T 7 S t ft m b fc $ S T* & 5 > t'Jd?^Vtf Ftf> S tt « 

[ 0 2 0 0 ] 

i©infc#tt^st-o *«onffliwi5, 7 si cm 9*#sa*nfev. ist, 

#«f*<!!>giBffiffitfiSiWc«K I W i 1 S a t 'J d ? ^ 1/ 1 f F O # ft T T- 

£iJ&T*V^tS««Bbfti!l , x t»ltiO«Itt, * S ft H ffl » JS H £ t fc 6 t . # ic 

fc £ ttSf«*T^-fll b It 7 y t'f T?58JI£ ft ft fe ©?&?> , cn50«fi**J8^3C 
i: © 3pJ £ (4 , liSBOSO«Sftl*«Ibftl' , 7 7t'f*^»ft, Ifi±T^«t57 
vt-fCfeSiCttf ffl W b fe o 
[ 0 2 0 1 ] 

t/sf-^'j rj? 7 F«tai*©^^7"u -e-^a >®m*, mm^fttx^ 

tii^*,T^5, rKIR* 'J 3 7 7 b*T F J fctt, Mifcttt'J^ntfF 
aittoEWO^ft < fe-««-lcffl*l«»EyiJ*^tr*U 7 ^*t KT-ftS« £©* 
liglfli, git V 7 U^-t K14K»«#*± tf X tf-asa Ig^SBtf 
^il $ ft « * 0 =f 5? 7 b * t F IS W fc m -Y 7* 'J XV Xt § . IS It* 'J d 5? 7 b * t F © 

# «• 6 n 5 o c ft e. ± b ft © t ra b « ^ * tf © ftg a t* « 5 o t/fiTt^bti 
u dr? 7 Fox^-^-s^tfe^uftfis, Mwattt/tt? ©as* 6 

3S ^ A v D , * © S W t © ^ 7" U 7* f -tr - ^ a > © It ib K a D 7 7 -fe X pj m t ft 5 0 MM 
a5^©^/tt^>60i^JtlHtt*«tt-r*^^-"9-*-*»©**i:EJ"Jtt»«Ifc«Kj* 
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jgrstfctfBjueif&s. 7 > a < t » 1 o ? * u # k , »$L<(ii o~3 o?^^ 

* ^ K % # £f X ^ - -9- - ffi » ^ x »iB**-¥*.*Ci:tffefr-3fe. X^-tf-Watt, IS 
1 * U rf ? * U * * F © , ^/«[ ; f'\0*S^liBfeL<tt*»Sfctt'*y ^ Kl 
W\©IS^itfil%t\ fl: St OE^J^fl LT 0O*.fcf, X^--9--a«-tt, SMI 

W © IB ?U K » L s iV^iSfiftEJiJ^ftS^tlfttav^ »H<li, x * - -y- - as # 
0?^l^*f-H©fiStt, t^T7 r — y, t^TCf t<t->fi>'y, S tc It ? 

* X 9 7 - y T* % D , ^•5T*ftttntf±xE©A5ftKffi^iEc:SPlt6tt^*5. i t) » S 
U < 14 , ilttt^TTf-ySftttt^TOf »H(tt> fillit^t 

[ 0 2 0 2 ] 

>? \s * ?- v \$ , &®fo*mmt zrc&Ki- /n?Kmn&i£&rcm<D®m*<Dft.tiz&mv 

SBH*y=T5t^b*f-H©Jt*iWfl , rSCi:tf-p#S. ft # 'J d ? ^ I' * F & s IS 

w ^ © us tg t =f l a w a © @a ?y * 1 1 r «t v . #y a «\ ft #j * y :J ? * u * 
f»> m*u 37 * ^ Fosw^si^y ? fo«ii* fctt* y rf? * 

U*? 1 F !i, ISIS* 'J3*?n*f Ktf*©«»S fctt* y * F«WK:tS^T? 

x^-tf-asafcHtfraufts-efciB. c cd i 5 e, ft 1? ai * y =f ? * u * f - f a s e w 

§i*tT#L4V\ «6Ci0»$L<B, ft«?giJ* y dT7 * V * KB, Bi*'Jd 
[ 0 2 0 3 ] 

SltlfSftSiM^ l^icSf L^t/fi?-*y n 5? * i/^-^ F£t9<*£, ±3zE 
(7)ftT©73S^ffll/^TilK-r§ili:^'t ; t?>o ^HsaiaoT, £ # K £ fc> * It 

/sj 7v ?j v-i/ 3 ymtj*%t z%j£Lrc&'&i**ftm? & c tt>^m-e&&<> 

[ 0 2 0 4 ] 

± IB ©£$&©£,&© t ±32E©««{«iHl^?*©V>-rnKffifflLTt«J:V^U, 
-y h- Jf « IT £ 0 * © ± s K « ft f* tt , *ftW<Di- ; 7 77V >r-i/ a y<Dl5&%t>VK 
[ 0 2 0 5 ] 

ffl IS r & § j # ft « , r 1 o fit ± © j ^ © # ft * * t . mz.i£s r $> & ft flt J k tt * 1 

[ 0 2 0 6 ] 

( % m m ) 

^ ffi «y 1 : t'JJ?n^»H«Mt/8? 
A : UiZM?©ai 

Frens, Nature Phys. Sci. , S24.ll, 2 0^-^ ( 1 9 7 3 ¥ 
) $±tfGrabar, Anal. Chem.,!ff67#, 735^-^(1995^) 
£E«OJ:5k:, HA u C 1 ^nyltSTiSLT, & 3 n >f F (111 3nm) 
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mmhtco wMKmmtz -r^Totfvxsftizk osohc 1, 1 as © h n o 3 

) HftftL, NanopureH, OfJ^X, * ^ T* ffi ffl tu K * - 7 V T* fL jR * * fe . 
H A u C 1 4 ft <fc * X y H F U £ A (i 4" - ;l/ F U v f- 'r 5 * ;V tt ( A 1 d r i c h 
Chemical Company) fr^lXlft. *fiHAuCl 4 ( 1 m M s 500 
ml) *«ffa«t*'&fc. 38. 8mMOn>ltF'Jn (50ml) ft * 

* < m ha l /t o m m © fe « « n ^ e. at a a c as t> o fc # , js«Efti5#H»«bfc<, § 

L/M£, *fi?§«ft 5?ny-^<l/-f3 >Xt (Micron Separ 
at ions Inc. ) © 1 5 ^ P >7 ^ LTII Lfe 0 Au3tJ-fFS, 

Hewlett Packard 8 4 5 2 A * 4 * ~ F 7 W # ft ft £ ft ft ffl ^ fe U V 

-'pjffi#tta*$<fctf sa 8 i o oaait ?ai**ffl^ft»ai«?ii**s a 

EM) <fc D Lfc 0 III 3nmOl6?tt, ifi*itf 1 0~3 5 ? 

[ 0 2 0 7 ] 

*X*D75^VHt¥*ffl^5*i)7i,t-FOMi 1 1 i gene Exped i t 
e D N A^j8«ftfflV>T 1 li m o U^-Zl/Tt'Jd^^^fF^lllbft. E c k 
stein, F. ( IB ) . Oligonucleotides and Analogu 
es:A Practical Approach (IRL Press, Oxford 
, 1 99 1 ^ ) o t ^ T © ® W tt = V V - y a (Mi 1 1 i gene) (D N A pi 
- F ) *61AL'ft. y y?S»*tt 9 8 - 9 9. 8 % © 16 H T* D , 

F * $/ F y (DMT) ffifJIlS B »«* ifllt * » H: * U rf 7 ^ 1/ * K & « W b 
ft o . 

[ 0 2 0 8 ] 

3 ' _^*-;i,-;j-u ;J5i * FfcfcSfcfcK, - » 80 C 3 S-S CP 

GJSftt^^l/y • 'J^-f ti ( G 1 e n Re s e a r c h) h II A L > §lp«t 

ft! ffl i- it o mmztzfcfrzvmftfDWWom ( 5 5 °c t* 1 e b# ) t , n h 4 0 h $ $ 

(CO. 0 5 M s??-Ji-hWb-;l/(DTT) ; fciin*.T, 3 ' *;^;V7-f F*f-*-^E 
l^Lfco IiSliW^PVF^'77^ (HPLC) »«J K , 3fi» & D T T 

[ 0 2 0 9 ] 

5 ' — ^ ^ — ;1/ ^- y df ? ^ lx ^- F ft t# 3 46 , 5 ' - f- * - fP *U C 6 - * X * D 
7 = 9 -T F IS £ ft f r - - 7 ffl 20 1 66, X^-'Jy^\ 77*3V'7'l/0 
4 4 9 0 l3ifton>'n-^4(Glen Research, 44901 Fa 
Icon Place, Sterling, Va 2 0 1 6 6 ) *>6«XLft. *'JJ? 
^U*^Kft-&/jKL, IgDMTfil^lSLfc. 3fcV>T, 1 00/xmo 1 © 5' * - 

;i/SEtt#JC 6 -*x*P75^-<Ki:, l m l © M 7k 7 -fc F - F U ;l/ ft in *. fe 0 2 o o p 
l ©7 5 94 F iS«t t 2 o o fi l © 6 W*felifr 0 0) 7*^-*-i:ftS 

U t/£'@fl5fi*±0^i*V3?^l/*f F^^^t5A7A±t->'Jyy?f A 
L, *7itTl 0 #Bffi««il£-frfc. *V>T? % S&ttft&7J<7-fc F - F 'J 3 0 © 
(2Xlml) tfto *7AK 7 0 0 (i ICO. 0 1 6 M I 2 / H 2 O / If V i? 

tirfco *VT, S» ftft C H 3 C N / t£ y iP y<D 1 : 1 US til ( 2 x 1 m 1 ) 
-r? l ^P^iftrf Lit Ik. M7k7* F- F y;l/ (2 x i m 1 ) t?g»»cjf U 

[0210] 

0.03M E t 3 NH + OAc - ««K ( T E A A) , pH7i«lC, 1 
95%CH 3 CN/5%TEAAftfflV^T, Hewlett Packard ODS 
;\J )]/ (hyper si 1) *5A ( 4. 6X200mm, 5mm!|iifi)ftft1iL 

fcDionex DX500 i'Xf AT', jSfflH PLC SKJitt 1 m 1 /»s 

U V®mii 2 6 0 n mT-&o fc. DMT«l*»l*'JdHl/*f KO»«tB, 
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HPLC *ffl^fc 0 «***@«LT*»S-Sfcfc, 8 0%»lf'S 

1TC3 OftHflil/T* 1 ^?*!/*^ Ffr6DMT*«lrlft. * V t? , ?g?«ft 
?*TSIJK1U 7* * ira *. , fflsi&x?-;l/fcffl^Ttt»T D M T ft* 'J 3*5? * u # ^ K 7jc W 

$ e> W * b ft o * ■ u dr ? * u * f- K © ■ tt , zeonmfoi^Sia^li- ft * 

MfiL*MWH PLC (jgfltftH 1 4 . 5£) tifibfto 
[021 1 ] 

3 - _ cf. % _ } \, % >; j 5? ^ p * ^ k © « m K » HI b 7° a h 3 ;V % ffl ^ fc v II b , ffJ J£ * 
n * X* 7 W F © 1 ft M '> S # & fc & £ D M T ft « ffi b fc T* D T T ft fc o 4 °C T 
fc 5 m M & , »»xf;V%ffl^TDTT*ifflL, t'J K*H P L C ( ft K 

Ml 5 ») tSfflSlfco 
[0212] 

UlttTt^H P L C^SlLfe. U 3 5* * P** 1 FttfcK^ 

i50(il©50mM A g N 0 3 rSS^iba^ h V f- U W. S ft ft £ b fc . U m 8 x 
^ if iS £ 5 £ ?L fi ft fc ^ o fc o 2 0 # « % DTTOl Omg/mlSI200 

p 1 ft*iQ*.T A g**£f*fl: (fi*S»M 5#) U K»taibT*fi*^fttitl8«* 
fc „ * V> T* > *>J=f5t^U*f-K»* (<50 OD) ft , (1 0 81*8***'^? 
^U^f FOffiiiSfcitfliSStfflCDN A Grade S e p h a d e x D-2 
5 Me d i um^tS) fflfiffl OKSN A-P - 5 * 7 A (X^i-f yO^*7PJi 
ft77;Wi/7-/W:*T?tt(Pharamacia Biotech, Uppsal 
a, Sweden) ) lt|Lft 0 5' -f t-**** 1 ^?^*^^!*^ U V 
-Ufi^ftSEi D 2 6 0 nm?C»«fiSffl£l,T£iLft 0 lOmM NaOHgi 
(pHl 2) tftt, 2%/#43E©10mM NaOH, 1M NaCl»**IK 
s Dionex Nucleopac PA- 1 0 0 ( 4 X 2 5 0) AHT'^^^^S 
H P L C ft £ b T , «»««*fffflbfc. A £> W fc tt , *«J19#fc<fctf25#©i8l«B3 

it* 2 o © if — ^ ft f# (»i^mii*yd?*i'*^H«settSt5) o c n & © tr 

[0213] 

±tE^- F Afc!E«S©<fc 5 fclH bfc 1 7 n M ( 1 5 0 ji 1 ) AuanWK 
/<-hBCE«0±5Klillibfc3. 75/iM(46^1) 3' -f*-*-TTTGC 
T G A tilp Lx ^r?7'*LfclmlSiEppendor f /W7;VtlfiT£ 2 4 
B#«tt1Ibfc„823P-f}*»«*3. 7 5 /i M ( 4 6 /i 1 > 3' -f*-*-TACC 
GTTGifiJ5**te. C ft 6 © * U 3~ 5? * 1/ * F a IPfflffl W T? £ % C t fc S I? ft fc 
ffiffltttufc, 2«<D^7 tt?»**£fetffc. t')3?ntf FiilMW 

T' 5 & , ElSttjECfeftfro/t. 
[0214] 

tV 3? * l/*^ F»tt-t/ffi?ttl«ia (8 0 °C) feitfiSfflfcS ( 1 M N a C 1 ) T 
[02 1 5 ] 

a . m $s * y j ? » u * f © # « 

^JStMio/<-hBtlHiOi5t, 2 8 ( * * * - )\> it ) *yrf5t*U**Kfc-&«b 
fc „ c n 5 © * 'J a~ 5* * b * ^ F « JK T © BB W ft b T v> fc : 

3' ATATGCGCGA TCTCAGCAAA ( E 81 # # 1 ) ! #5 <fc 
3' GATCGCGCAT ATCAACGGTA (E?Jt§2) . 

Ln^iOt'Jd^U^^F^lM NaCK lOmM ij^llf (pH7. 0 
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) giftT-il^tU, /W^U^XbT, 1 2 ffig*t*-^-7 >y 7°fc ±tf 2 O© 8 

si«#f*a*wt§ = *itf«i^ft„ #«*s^n€n, gsstw 1 F c 

THLftA u PP^ Kfctt*LT^5*>J rf? * b * F© 1 O © Efl K: » L T ffl M W 
ftffl^JfcW bTV>fc„ 
[0216] 

B . £^_fe?JlAft_©i-g 

C ©^MHWO/<- F A T?M Lftlfi* U 3?n*f F (NaCl 

0 . 1 7 ft M) gfiTK. g»fll©/<-FC?W«Lfc*/ '=f?*b* 
* K««f* (NaCl T?#«?«0«»»S 5 . 1 n M ) fc in * fc . ?§ft*N a C 

1 zkigffi? ( 1 M©lH«fitc) ftURb, t'Jd^ b** FOA>f7'J *W a V 
EiLft*ttT*410mM pH7TllSbft. tO(*E*fr 6l^«fi 

[021 7 ] 

C © 7° P -fe X ^ * 'J P" 5? * b * F ^ p -T K*«C^tfili:*StS-r5fe4&fc, ft R ft 
fc-EHRbs P H 7 T»|ff« 1 M NaCl 7j< ft ft * T* (fit 5 bT) Sll^tfeo C 
OiHLT, t J & ? ^ "f 7 U * W X b ft o It * V P ? * b * ^ F % B S ? S . # 
T» , ;\>f7yif'fXLft* , Jdf*i|r5"J*?*l/!tf-HK»tW4»*i ( 2 6 0 n 
m) fc±tfatt?M©IIIIH*«***3n^FfcW*W*»ttS ( 7 0 0 n m) £;&p£ 
-bT, E!7-#5Io 
[0218] 

S £ * 0 ~ 8 0 °C © M T* 1 °C / # © a S T* H IS S * ft * s 6 , Peltier P T P - 1 
Temperature Controlled Cell Holder^H^P 
e r k i n - E 1 m e. r L a m b d a 2 U V - «J *f # ft ft St W T? 2 6 0 $ilf700n 
m-e©tRttfi©g{fc*K©bfco 10mM 'J y|l«^ l^T p H 7 T?1IL, 1M 
NaC HlODNAiSitB, 1 ' » « fi * ffi ( 0 D ) T ? fc . 
[0219] 

*Ofi*BH8ACiS«nT^«, fiK*0°C~ (r#B<D*tti&£ (T m ) (T m =4 
2°C) ctD38°C«V^) 8 OtOMTlUIIS** fc, no^ Ftt'J H^f F©« 
75 © ft 3* W ~> f + * -V - © M C & » ft ffl M * s # S b . fsjfclS^bTV^ftV^AuPP^F 

[ 0 2 2 0 ] 

©rafi f b-7. &c i v) mm * n a * a k , coya-irxttRiaswpa&ofe. 

[ 0 2 2 1 ] 

»JB£BfcfcV»T, H-T : 1 4 - A-*iI«, rJjBW A u P P^ K tt? O »* * tt« 

*«a5*a*s*y =f ? * u*^ Kr*«tt, c^ffiw 1 © c ginciB«© * a k mm b, ±ih 

© KKjSS-tirfc) *U 3"? if F**»*/'ft?0nI>fi«tt?»*fc*Rbfc^<: 
^WHLft, £ 3 OttPBMfcfc^T, a*S*U p ? * b*? 1 F©tt»*«£*f bT*l 

ffi n ft ea w * w b . t / & ? t s * # # ^ * - ;w it * u =r 5? * u * f f » , t;s? 

^31S^-UP , ^^b^^Ft^^^fci:ttpJ)ffi«*^4^bft^t 5 /co 

[0222] 

a-&/*-&#7°p-bxicov^T©$&ft5*^^as*©jSjis«?ii'«!M«a (tem 
) wfcfrBiiB&freftofc. TEMii, si 8 1 0 oaas*? «**t?*«bfc. ?l 

©^v^*^?±tc 1 0 0 p 1 ©pp-< F S ft * X ^ y F 

[ 0 2 2 3 ] 
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9 4 X b ft * V 3 ? * \y * 9- F ft it b X t£ •& L ft A u a a -T HOT E M B « « , * □ b ft 
**ftAu3n^FJBifl|JS*wtfe (19 A) c Mfe»^bT^ft^Au3P>f Ktt, 
H«fc£#~Ffc:««3H*-f K: s »«tSA^ £ ft fi ft ? ft fi £ ft S3 £ * . Hay at, 
Coloidal GoldlPrinciples, Methods, and A p p 
lications (Academic Press, San Diego, 1991^ 

& £ ft ft <A ; n J 7 'J ^ 4 X b ft 3 n >f F tt , ¥ 3 « ft # 1 3 n m(Dl L < Lfc^^ 
Xft=frTS<fc?T&£o 
[ 0 2 2 4 ] 

^<0**fl'1l6nft (B9B) o E-fctt^tffieoAfcftTV* 
M 6 ft 5 o c: © H ffi H: s ffl V> & ft ft E3I ft * 1 % »J ft * V 3 7 1^ * 9 F a -f 7 V y F * 
it b T IS £ b ft 3 p W F fc H b T 5 iJ $ ft ft 9 5 A PB £ D IA < & 5§ V% b b , ^ / 
8 f ± O * 'J J ^ 1/ * f K }: I fS ^ 'J d ? ^ ^ t f F J: * a ^ 7 M'^ X ? t ft It T- !l 

&ftft-#ii^©- y ? ©ftfetc l n 5 oii#aittA^ 7 "j 7 f t*a % < , «#>t 

y * © ft ft » & T ) *V g ft £ z: # It © ft D E H * §1 ft ^ S £ £ D M fP b t# 3 ^ 
[ 0 2 2 5 ] 

1113 : U 3 7 » U*?- FJgJ^j^Ji?-©lLl 

nastjy i Kmm<D& 7 e.&3 n -Y f (as 1 3 n m) *mmLk 0 9*->i-t v 3 ? 7 

1/ * * K [ H S ( C H z ) b OP ( O ) ( 0 - ) - * U =f 7 7 U * * F ] t> * M 0»J 1 fc 1 S 
«©,fc$lcH«Lfc. 
[ 0 2 2 6 ] 

% as flfl 1 1 fa « © * * - ;i/ - * u n ? 7 b 4- f- f ft & 7- / & ? t # a $ * 5 75 a » , » £ 

t^tteSfcfcfc&Sav^^tffcSt-ttfWWLfc. # K , ft <A # U 3 5? 7 U * 9 F ft 
ft 1A ft t t . t'JJ?ntfF-3P>fFWSf*:S, illKiS#fit5^7^*7 
FDN Ai©^f;^Ltffli/^n§^l»oS5)?i^^i?DN A©#ftTta 

ftttx »EICA^7'J 2">f XbTl^&fr o ft„ ««ftm?DN 

3* 5? 7 b * ^ F ft & 3 n W F K * 2 § JX T © ¥ II ft t# ft „ 
[ 0 2 2 7 ] 

# * © & 3 n W K (1 7nM) © 1 m 1 ?g $ ft 7j< © ill $J & (3. 6 8 (i M) f - * - /V - 

* U =f? * U*?- K (28 ^»ft) t go - L , iB-&»*SiBTE 12-24 IPWIL/c 

„ #<ais 1 0 0 n 1 © 0 . im v ym^m-r v v •> hmmm, pH7. ofeitfio 

0 /x 1 © 1 . 0M N a C 1 ft^ LTAQX. ft 0 1 0»l, 1 0 fi 1 © 1 % 7j< ft N a 

N 3 ft in L s ?g^»ft^6C4 0B$P^«(Hbfto u© r^^j Xfy7*tt, 

SftH^^^§i7tc|ait$ftft 0 ^©^©Ty-t-fT', 40SHC'fy+a'<-f 3> 

L , i # i) li o ^ D L f: # 6 X # 7 F *^ i B n ft „ if ■& & t T fc , ^ € E » ^ t« ft 

Eppendorf Centrifuge 5 4 14 Ctl 4, OOOr pmtfi! 5 

IB it j& b T , ( 2 6 0 nmT*(D|7tfiti?TiJnn^) (St/uH©^U3 5?7U 

t f F t lc , (5 2 OnmtOt^llEiD^Stit^S) 7~10%©^3n-fFft 

at»4fi2O0)i 10««« (1 OmM 'J^S- 1. OM NaCl) 
tESlIb Sili&Lfc. ±»ffi«*»*-L'fc«, S^ftft 1.0ml ©«ffi?S ( 1 0 
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m M V y m . 0 . 1 M NaCl)**tfl0/ilOl%NaN 3 *»«[ + lcXnfco 

m m * tr ^ 7 h- X- m m m. ^ & h m d , a * t f c t> t t m m * 5 s l tc . t# 6 n £ * ft v x 

iigTtiyflPDKlt, f'JAIflf o7h?57^ (TLC) 
h(H«ftl4#M)±K:l*, 2M N a C U 1 0 m M MgC 1 z , SftBSIS© 
D N A S^igSt* ji)!)0 LT fe , fi£Tf*^ft (Tfcfe^ *ft£«l3, »ftb4 
o fc ) „ 
£ 0 2 2 8 1 

I *$«ktfl I *S«!Lfc. Lne2|0«tS»OA^7^V^-^3ytti6TliT 10 
*?lt. »C *ttO. 1M NaC ISfeBl OmM MgCl 2 +0. 1 M NaC 
! 1 feitf I I tS^fcig^U jg-ar^^^STt l BftibTfc, gfetiSi: 

[ 0 2 2 9 ] 

I * J:tf I I (0. 1M NaC li«*lC#l 5 nM^tt) ^ F7^f7^X 

D rfl 31 ©as ft fco W**?&tffcft**Lfc. PC-18TL 

C'/'J*^l/-b (*-;l/fi"7y>'X^7t (Al ltech Associate 
s ) ) ±K®m 1 /x 1 Hl7 hf§ fc, I^tlffttflfehft. /W7'J * >f # - 5/ 20 

/\4 7v#'fXLitmm*8 0'CK-iiamr*£. iia^fitft)^ tlc^p-m 
Kkr^^fio^^vb*ajabfe. * ^ t* , a is s mmt&ts % » ( » ft © ) 
^x«iKS5ft cc - i 8 t l c ~? \s— h±(omm FH^a) o }Sifi*a«g 

LftjtPofelBl^ft^K-etts C — 1 8 T L C7*l/-HTMHtlfcX*y F » tf y * ft T? 
[ 0 2 3 0 ] 

% 0.1M NaCl»«*T?*U=f?*U*f'F-*3CiWVtta(*fc*y=I?*lx* 

* Ftlft£?U 6 5 "CtJSfe, 2 O^frtKlfil^ltfeo C-18'/'J*y 30 

f§6-ftfc. *tlfc»L, «fi#i:««*aiTK 1 #M 0 . 1M NaCI>l>1?0*a 
^-h'LTt, A/f7'J^'f^-i'a^*^ttl!*i«tft* , 5ft. 0. 3M NaC 

1 41 -e co a 7 y •*? - f a y & £ & £ iffi 31 T* & 3 » 

[ 0 2 3 1 ] 

^ Si f 11 5 : t y s £ - ± ' J J ? * k * f H 8 s ft * s fc 7 -y -b ^ 

a 1 2 a - f c * * n t ^ * * u =r 7 * u * f - h - ^ a a k 1 * * tf 2 i4*anw 

2Kia«OJ:5Kff«bfc. Itft£*«*J i 4 , 5, 6*J«fctf7B» ^ 'J / 4 

#| J/AdiftO/-X*XX>y*¥^'f*f i'/PJ'-llR (No r t hwe s t e r 40 
n University Biotechnology Facility, Chic 
ago, I L) S> IS A L ft . Cft60*yd?n*^Ft40nmo 1 X^r-JK'p 

jSl, iitici8*-h'Jyf (opc) ±t-«^ tfco a, J*y>zmu 

[ 0 2 3 2 ] 

3 y^Mfiit b/co WJLtf, 1 5nM©#*y=f7^^*^K-3D>rH«taf*lfe«fc 
tf2t/3nmolOlW*'Jd?n*fF3, 4, 5, 6 Sfttt 7 t^f t* 1 0 0 
H 1 © 0 . 1M NaCl+5mM MgCl^, 7 4 °C £ #P L , ttTCSC^Jh 
TV>§SSt?^JPL, §^1 ^ l Ofifi T 1 0 V ^ a ^ - F L T A^f 7 'J t*- 50 
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i/ a y^mmLTco *^T», &ElSil£«B© 3 p 1 K»« C - 1 8TLC^'JA/V-F 
± £ X sS y b L fc c ( 5 # H ) e»2t5t, 7'J ^'f -tf-f a ^tfjEC ^ fti^K 

a » * fi # a fe n fc . 

[ 0 2 3 3 ] 

BS*«TOgl tit. t!y^fiOX#y MilttrXh ( -T * fe -6 ^ i- /tt.^&K'f 
7 V ? J V- is a y K & o T L ft r> Z. t) 5iU f SCX#7 HilSf X f 

(tfth%, * ;m=?ifin*v =r ? * f-3p^ FKS^titSA^7'j ^-t? 

[ 0 2 3 4 ] 

[a i ] 

a i 









(6) 










4 5"C 


5 Ot 


6 0*C 


7 4°C 


1 + 2 






try* 






1 + 2+3 




* 




* 




1+2 + 4 












1 + 2 + 5 


(- 6 b p) 




try* 






1+2 + 6 


(1 b pR^) 


* 


* 




fy^ 


1 + 2 + 7 


(2 b pKfcte) 











ft X # >y h h ft fc „ 5 0 °C © m ^ 7 >J ^ Y € - 3 y T? tt , «tt3fc6©lS*T?« 
ftX#-yb*Sfe*Ufe. 4 5t©A^7^^€-^3yt'li, i«3, 5 ft «t tf 6 T* » 

[ 0 2 3 5 ] 

His/ y -Xicfc^T, l ? * l/*f-H*-&traiWI4» 5 8tfSfifXF (W 

6) ££$L, ±U2{* lfeitf Z»6 4 tTRfifX h ft^iaUfc. P-^ffT 

Tf, (3) tt, if«60iSTCtlttr^h*i*lft^ ctitt- ^© 

[ 0 2 3 6 ] 

i^SA^yj ^w-tf-s/a ^tt*fflv^TfeBi«att*«'f»6nfco »t, sat 

aytfllSShft. W Atfs 1 5 n M©&* U =f 5t * H - ^ o K«a# 1 fc <k tf 

2 fc , lOpmo lC^Wt'Jd^V^f F3, 4, 5, 6Sftli7*$lt5 1 0 0 
/i 1 © 0 . 1 M N a C 1 % s K 5 -< 7 «f X - -f V 7° P tf ;!/ 7 ;1/ 3 - jV Y4 * T* 5 # M H 

COiggf 1 0#M>f b LtA^'j ^Hf-i/3 y^UffibfCc # 

gjSS'&tl© 3 ft 1 C - 1 8 T L C y 'J h±KX#y h L fc . 2 

[ 0 2 3 7 ] 
[II 2 ] 
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M2 



(7°d- 
■7) +WM 


*g* 
(fc) 




RT 


3 5<C 


4 0°C 


5 4°C 


6 A°C 


(1 + 2) +3 


# 






* 


t°y* 


(1 + 2) 








try* 


t°y* 


(1 + 2) + 4 








t°y* 


t°y* 


(1 + 2) +5 








fy* 


t'y* 


(1 + 2) +6 








fy? 


fc°y* 


(1 + 2) +7 













[ 0 2 3 8 ] 

«±©2ooj±«»jav^D-r*'J=r?^u*f-F-fe^^yb (i 5 ? * p * K ) © 
5i, £>otft^7°n-7" &\ 30®ilo*'Jd^l/*f H) 4>©S**t &<k D 
$f -Y -tf - S/ 3 y T 5> n fc 2 6 0 n m T* © V 9 + ^ tt * D N A E S -3 < fe © T* \t ft < N + 

IfttfoT, »*{**»»*-&*fi««Htt, ftV>HltSa*©»» 
KHfcSiafitBH (1 2°C) tJt^T*»T»V ( 4 °C ) , C0*W8s©*6lC*»frO 

£ fy * £ a > c-i8^u*^u-h±-p*iSE*nsj±fe(S® ( < i °c ) © s is is m t» * 
§o is iu « k . c © 3 eg # + / » ? * ^ - * t t s ft a a > iwiitA^^^^XL 

T^§-*Sl7 P P-y , ^^-X^-r5ffiS©2fig^^tH^ t fct) i E>»^WT-fe?)9c, 
[ 0 2 3 9 ] 

1 0 0 ft 1 ygffS (0. 3M NaCK 10mM V>Ms 

p H 7 ) rpTt, lnino lCiWataSI^X^-Hit'WU. d © r§ $ 1 ji 1 
tt , iWt'Jd'^Utf F 1 O prao 1 (c ffl S T§o 7X*-j8S*>67'J3-h** 
D, >W 7U a y«««-P3Ta©»'SK«l|RbT, « tt# JR % SfliS b fc . S3 

a s 7° p - 7 i jb j; tf 2 a ft § « © ii w 3 1 © a £ » 3 /x 1 1 ffl ^ t m tc mm * * b t 

ft 17yn-b*C-l 8 TLC7l/-HlcXl-yMT, 6 £ £ 1 b ft 0 W T O g 
3 $3 V> T s t£y*fettBM9irXh*wU Sfiliittf X FSSt. 

[ 0 2 4 0 ] 

[« 3 ] 
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S3 







lpmol 


* (mm 


2 0 0 f m o 1 


* (»») 


1 0 0 f mo 1 




2 0 f m o 1 




1 0 f mo 1 





C © H ®m , 1 0 fmo ltfc©W£©£©fcfflTR"e&SCi:*J!KLTV'*o 
[ 0 2 4 1 ] 

mm w e : •? j a?-* u » h sistfeftj-kifc z 2 m 

Bl 3BES«hTV>5J;5lc, DNA«*t/8?***SWSSJ:lc»l3*ft. C 
© 7J ffi tt , DNAA^7H*^t*-->ayfflIffffl*fl^T > D N A«fft/ gf ^ f 7 
Xllfit#f LT^ 5 t / fi?tipp ^.r 7 / ^ & )S5o 

[ 0 2 4 2 ] 

f7XSIffi^X7^K(i7^r> + -'U-^xyf^7'y^a ( F i s h e r S c i 
e n f i t i c ) to h m A L It . ftfflK^**yKfftt^fcttfft^:/ftffl^T, X 5 
-fF*»5X15mmO»frt«ftt;ft. ^7>fH*, 5 0 t© 4 : 1 H 2 S O , : H z 

o m m * 1 2 o # ns a « t t it & t it . & ^ t* , x 5 << k ft , £ * © * , * v x * / - 

v- 5 y ^ ffi ic 1 2 B# H S gt L It o X5^K*x*/-;l/»iKfr&BlDau, x # / - /K 

»v^*"p'jy7Lft. igi 3 n m © & 7" y e ? * a £ f § $ m (HfifiWiti2»©s 

fc-J-Ztt? ftS« IT, X v-Y K©9 L *-;l/*^*ffl±^^#$^rcc 3D.>fH* 
itT 1 2 0f PeS ^ . X 5 -f K ft Bl D Hi L\ zk T* 'J y X L It . f# 6 ft fe X v -f K a , ft * * 
nftt/6?Clt5liJ'i'ft*Wl, *ttftt/tt?3n'fK»ilJ:PI«4UV-ira 
»^S7°D7r^;V ( 5 2 0 nmT?©ai7°7X€y|7KSf-^) ft ^ T o Bl 4A# 
1. 
[ 0 2 4 3 ] 

fl77lX70'*> frfcKffiSi£ftfc3' ft-^*'Jd?n*f F (3' 7^*-/b 
ATGCTCAACTCT [ E ?U # # 3 3 ] ( || Jg $J 1 & <fc t>* 3 C fB »c © <fc 5 £ $ ) 
^tltSO. 20D (1. 7 p M ) MffitiClIlt, D N A ft 7^ / ffi ? £ ft * IS fc ft 
* * ■£ fc o 1 Z^liiiI«*ftS. X 7 -< F ft IX o m L , * -e v y X L . 
[ 0 2 4 4 ] 

l/^f F^lltfco ( H ffi fill 2 £ IE « © * 9 £ H 8{ L fc ) a IS * V d 7 9 U * ? K tt , 
gUcMSffi±£9£ll2ftT^£DNA (E?>J#^ 33) tfiSWftl 2bp*«*tt 
£ E ?U ft ^ t? 2 4 b p 5 ( 5 ' TACGAGTTGAGAATCCTGAATGCG) [ 
E5U#^3 4] "Pftofe. »tS*Udr?*l/*f-K (0. 4 0D, 1. 

7(iM) 4^WtSA/f7iJif/f€-j/3>if«'(0. 5M NaCl, lOmM U 

yiiii P H7) mm* t i 2B#fg?i)*bfco t> uj miisT'j^^b 

3«ft, liC#f LTl^lSt 1 ;^?^!/^^ FOA^7y?VXUTl^i^ 
S7}tffilW4*y^5!^*^F ( T A G G A C T T A C G C 5 ' * - )l> [E*"J## 

3 5 ] ) ( m m m 3 k is « © <t 5 t n « ) t* e « ft fc « s 1 3 nm(Dit/8?*ti 
•r*»**k:aii»bfc. 1 2 B#M»»Lfe«K »«ft^Dffit, a^7';x^^'-->3> 

lilT"J>7Lfe 0 I*OftBj)iftCttor3"C*9, 5 2 0 n ml'© U V - bJSKtKS 
ttHffZlffiUCftrafc (HI 4 A ) . 
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•tf-y a yfflHff ffl K <fc t) * 'J =f 7 7 b*f- K/^7 ftfPSffi bfc C *5tSB 

t* i6 . H*»fl®^ff ^ Lit. mmmmorcibK, a«£ 1 m 1 ©/w^y y-f 

'/gylllS^ltSta^li h C An, HfiSfiaj 2 ©/<- b B T'ffl V>fc © mi bSH 
fcffll^fco SttQ&g* 0. 5 T/:9-©jIfiT*it*2tf tyiS?K»t5»)£fi 

( 5 2 0 n m ) £ ^ n * - b fc . fi fi 6 0 °C £ M * fc # K , 
t;Hi»JWt(gT Lfc. HI 4B#I. 5/^t;I/0-*SIBll*tt 6 2 ICOMWaK*^ t 
fetf', utifi, t/|?%tlft^i«iltt'A^7iJ ^VXLfc 3o©D N A.EW-KBBb 
T jl 6 tl fc fifi - ST* . 0 1 4 B # BS . 
[ 0 2 4 6 ] 

*JK«7 : t / tt ? - * U J 7 7 u ^ K ft fa a * 5 klfe Z y-fe 4 

* H ± T? » *l 1" S «fe 9 fcKWLfe. cnii, 2 o©7°n-7~tf4f«fi±&c&« bTg?y b 

t^siii 5 kie«©» t as* 3 «i 2 a - f #d , 

[ 0 2 4 7 ] 

II 5 A-Gt^SnT^5*U J^^UtfK-it/ttf^fifta, HSfiffl 3 KIBK 
©iitliULfe^, fib, t;Sf (i, A^7')^^^--> 3 yII* (0. 3M N 
aCl, 1.0 mM y>«, pH7) l£B»«J*fe, IRt/liJ-t'J 
F ft ft f* « fi f* , SftOt/'tt^^ftsKta 5 2 2 nmTOjiByjXty/^HiBfl 
ft T * iJ £ b T , 1 3nMT'fe5i:fiLf:. g 1 5 A-GCg*tlTV>«*U d?^ U 

*f FIWli> -f y 7 4 #1 x ^ V 7 h y m ft © / - 7 * x 7 7 y m * r 7 7 n V - 

II (No r t hwe s t e r 11 University Biotechnology 
Facility, Evanston, I L) A^lAlft. 
[ 0 2 4 8 ] 

1 3 n M *'Jd?ntf F-t/SfKS#l fc«fctf2*^£f5/W7y* > -l'-t?- 
y 3 y a flf K 1 50(1 1 £ , 60pmo 1 (60m 1) ©1854^g^tu, $ $ © 

ft"J©*fey7 httft6t. »l*2emilct)ft5Ttit«t, & gllWttJI© 

*fj ^^ssr sfcfcfc, TV-tf-y 3 y^ifii? 1 m 1 csrl, 

25tA>6751CSTlSH4ii , 6, 1 # / 1 °C © ft # Bf N T? , 2 6 0 nifOllft 

©jt^y 7"^-v-% 1 #MH-etE8b;fco 53. 5°c©ri$»sfij ( t m ) -e , * y 

ft jg & ( ¥ {( £ fg , -SflKOFW, / 2 = 3 . 5 °C ) tfiS?nf;„ C tl tt , + / W. 
?*^Sft^*'Jd5i*U*f-HKIBl/Tll(Shft6oJ:jSioe» ( T „ = 5 4 °C , 
p W , / 2 = ~ 1 3 . 5 °C) tilt 5 T „ K + ■7-/Jte?££t?#*rfcfflfil 

fib, fiiti4ioicfr680T:sT?****fc. * fe , *«o#*u=f?*i/*f-Kia«' 

HI. 0 4 n WV fo -o fc o 
[ 0 2 4 9 ] 

lOli'KfX hT^fcJ&lc, 7°a-7 1 fc 2 ©^£*gfi§<*4 6J&J«*ftfc»*<*© 
« b fc (01 5A-G#I) o *S£*«*£& , r'<T0&:J-/tt ; f-*y=f?*l'** 
StifcSfcttfcJfc^T, *T*ft»l£nIte*fi£fl:*iSLfe- (H I 5A-GII) . 

mm^^mt zmmit, 52. 5. , cic«»«nfc*?sfcxnfcfc#o j E-n6ofeic iot 

o ^ftWttffW^^tr-^a-^SSCBBbTfe r«i»«-tff j *^Sfibfc 0 2 6 0 n mt?© 
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[ 0 2 5 0 ] 

a ^ 7 'J a 5 0 /x 1 ©&7°a-7 ( 1 3 n M) ^tlt 

5 » « K , 2 /x 1 (20pnol) ©**'Ji5i^*^Hifi(H15A-G#B)^* 
in*.fc. Si&Ttl 5»Mtt«Ufc1*, iagffl»7.k*8fc£b, WT©*4Czr* 

nT^5iSS'Flc5»l'fy*a^-H/ft. & S Jfc ?! -B- » © 3 n 1 fit ft % c - 

„ 1 HI g ©»»£l*tt, b &^7°n - 7 l i: 7°a -7 2 t b fc „ 2 0 

g<Dttmmm&. -13 ©7°n-7ffi?iJ©& fcfflllW&IIW 3 £-&t?7a-7 1 £7°a--7 
2fc*»-6*jabfc (HI 5B#I) o «*8ttTO«4CSShTV^. £ y $ ft © 7. # 

[ 0 2 5 1 ] 

, ^^««4tt, H*f£ (5&£ri6) , **£A£ (7) feiri2lo*'Jd?n*f 
H^n-7«<ai^5«Wfflmt?<D l *fflSO#X (8) *Wr««Wfr M# 
5 («4#B8) cfpfcSo tbfe^ffcT, a, T m ti&g-eaifiv^s H-?«:ftv^ H 

i5 £ © *L B I © H £ fc , f^TOfifiTKSR^nfc^y^^fr^fcSSSfeKioTKWSn 
Sidle, S«*0tt?©***fctt*££tt0««ttfc<* f<t©SfiTo^l/- h 
fXhf»ttX*>yb ( tf y ^ fe ) ft * b ( * 4 ) „ 

[ 0 2 5 2 ] 

1 ^ISfflAiW 8 tf^iffl«fi8« 4 &KBUH#S 2 8©7n- 

oSlol*Ifa©»*i:tiS^tfe^ Iltsfcft (T,„ =5 i«C) T»c3*as»ffl 
A (CCC) ft^tygWft 7°n -7 £ 7 U 9 ^ £ JBW©lB£tf««Stifc 

ZKfriKo bfctfoT, !10*Sl!«!IKlB**nT^6*l4aiRtt0^1?*«>T»S 

„ £ fe , C © & tt * « * K « * ffl ^ -f K 33 £ * 1 0 f m o 1 © % M M 5 fc IB « © S t H U 

« S * * L fc . 
[ 0 2 5 3 ] 

cneofisii. ««*K»ofeffi*fi5 i*as^i«K, awaa^ottaosx* 



[S 4 ] 



(96) 



JP 2004-501340 A 2004. 1. 15 



H4 









RT 


47.6°C 
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[ 0 2 5 4 ] 

^ an m 8 : + / a ? - y g g g k * ± If a S ft * 1 v ' fe 7 g ^ ^ 

r 75 # J - * SI * V rf ?. $ v * f- K i: © ^ -f 7 'J 9 4 •£ - ^ a > * tr 1 S © * K * fr o 
/c„ HI 6ACSSnTV^t>'«f-* l JJ5ii'l/*f H«S*lfeitfZt. S16 
A-ClcS?ntV^J;^j:1^0S?Ol« (2 4, 4 8 j3=t[f 7 2ilfi) *J J: tf ffl 
If tf3 7 -C ? - * 'J ^ 7 * U * ^ F k £ C -f y * a ^ - b b ft o * tt 14 , * © AS © j£ ? tt * 

3 sa #i 7 c ib « © a d t* * o fc o tit. *yj?^*^Fit/8?-*yd?n* 

^ F#«f*tt5&fififf0 7 tfE«© «k 5 Killtfe. 
[ 0 2 5 5 ] 

^ iJ b fc ct 5 tc , AftSS£Stttt % A^7'J^V-fe*-i'3yilc, £ + /e?©HH« 
tb<D®mttC - 1 8 TLC/^Hta^-yKT, § S $ ft (4 8 0 °C T $2 *l 2 # 3 

Sf* © » fll» *■ 4 fe » fc fi c * * *. 6 ft * . :ntt, }8iR*TLC7 , l'-b±fcX 
*y btScktiD, £ + / tt ? H © M PI * s ft t) C>&<tU2Jg|) fc: ft 5 , 

[ 0 2 5 6 ] 
[H 5 ] 

. 3? 5 



2 4*£g * * 

4 8SI My 9 W 

7 2&£ * 

T'n — 7l + 2©#- 



■c (Dmmm^mcommm-vm^^ tatm&n.. & + smz-Mvwm ( a? mm si) #" + / 
^y^wx^^stsot/tt^oiHiiitts ^ u :J ? ^ u * f- k - + / e ? w ta ft & I? 

^#^ ( 00 * , 1 3nmO|g«t^t/fi?li, ft * *M 0-3 5?^U^f- 
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So 

[ 0 2 5 7 ] 

/ E IB L T S ft fe «fi tt , 40*ili^7X€y«|OJ'7h J ?lS* 5 !)CJ:8 
[ 0 2 5 8 ] 

f nfti7n-7l £2 (Ell 2 A ) ft» 6 5 ft 1 £ 8 flr ffi ( 1 OmM 'J^l, pH7) 
^btTO. 1M NaC lOl^IItL, uO^SlC t M 1 ,i 1 *iiPLft„ t 
»SU T L C / b - M t X if" 7 f bfttf, if fett5B 

£ L ft o ft „ 12. 5 n \ <D&7ti-7 £s 2. 5 )i 1 Ct hK^^lt SlWiK 
, 0. 2 5 ft 1 (1 Opmo 1) OlW3 (B 1 2 A) SlBift. ISU 

[ 0 2 5 9 ] 

K h S«©#ft~FT?*Htt*ll*fT o ft o 12. 5 ft 1 o^7n-7 1 *5=fcl>* 2 2*i 

tf 2 '. 5ftioa(W3*$wr*»**7. cccmjftLfc. sfiK»*bfe!i, 2 . 5 ^ 

■ 1 ©SttSfSi l : l Off LfetHi) ^itin^fto fl& 'ft MSb 

, & ^ T? , C - 1 8 TLCyV-fiKXl'vHfct, 7° D - 7 fll « © m >f 7 U ^ 

[ 0 2 6 0 ] 

ussey i o : t/a^-t'J J?»w^»Fftft#fti^ftyyb^ 

Bl 3 AtSSnT^5*5C7yt'f4^ii!Uft. ft f\ 7^7'>t--^i>f^ 

ytf«5Xl 5mmO»M-K«*fLft. X7^F450tO4 : 1 © H 2 SO, : H 2 0 
2 r§ ft # £ 2 o # ?3 m m b T rt Hp b ft . * ^ t , X 9 -f K £ £ M © * ^ *^Tx#/'-;V 

t'jyXt, gSliSTt^iMfc. SfclE bft3£fK!B«¥HR (Chr i s e y , N 
ucleic Acids Res.. »24#. 3031-3039^-^(1996 
¥ ) ) *fflV>Tf-#-7V««DNA*Z5-fK±lC!R»**fco ftf, X 5 -f K * , SS 
T lc , N a n o p u r e 7j< * © 1 m M ft gg 4> © h U ^ b * ~> ^ U /V 7° D k° ;1/ V x ;l/ F- U 
75>1 %Mi (DETA, ^ y ;M ^ 7 W 7 U F ;P PJt fi © 1 1 ^ f 7 F • ^ 5 * ;1/ 
•f)/D^-ti (United Chemical Technology, Bris 
t o 1 , PA) frBIA) * K 2 0 % IHI if 91 b ft o * 5 W K * * » *^T'l^-/Vf-'J 

yx tfto e*a*«T?K«**fe*, a«au*iip»^o y * i 2ott-5 #m 

'ji b ft „ 75^F*ft$L, * ^ T , SiSTK 2 B$ iHk 8 0 : 2 0 ^/-;V:-^F 
+ X ;l/ * * >- K * 1 m M © X * $/ > ■< % "J )]> - 4 ' - (7l/-fSF7i-*) - 7* <*■ V - 
F- (SMPB, i/ f V * ^ 5 A ;l/ X tt (S i gma Chemi ca 1 s) *"> £ H A ) * 

tasift. s m p b mwifrbm x> m lt, i^-zveu^xtfes, sMPBig«ay 

t«^Lftfrtjft75y»tiKWTOJ:5l£*ir'y7 , »*bft. »f> X 5 -f K £ % 10 
% 1 - * f - ;1/ 5 V* - ft> * $ M t % 8 : 1 THF:VfU^>}?fjKftiK5^HSaib 
ft 0 'X^t% X 5 K * , 9 : 1 T H F : i*Rl»»iplC 5 #BIilLft. C ft & © 
«y k'y^'?8r«tt. 7*7-^-7)i+lx^-U y^FJrft©yi^^ • 'J ^-ftti^lAL 
ft o X^FSTHF, S^T'i^Z-iK lllC*fjyXlft, 
[ 0 2 6 1 ] 
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*»iJ7X|X7^K*, It K ft « « tl fc * U =f 5? 2 U * f- F (3' f*-*ATGC 
TCAACTCT [E^Jif 33] ^tttSO. 2 0 D ( 1 . 7ftM)»**fc«»L 

bfco 

[ 0 2 6 2 ] 

DNAfcffilWSl 2bp*S^tGE?J*tt5 2 4bpfi (5' TACGAGTTG 
A G A A T C C T G A A T G C G ) [ E ?U # *§ 3 4 ] T? « o . * V> T? , » * « * » *S * 
iji^n^fF ( 0 . 4 0 D , 1 . 7 fi M ) StitSA-C^y^^^-f a^iliS 
(0.5M NaCl, lOmM U y ««« « p H 7 ) »* * fc 1 2 B# HM L fc . » 

y * f- f © a «r 7 y 9 -< x l t ft ^ » ^ « fit w * * y =r ? * y * * f c t a g g a c 

TTACGC5' [ E ?U # # 3 5 ] ) TfgfftSnT^Stg 1 3 nm04t/8 

?*«wr5«f«*Ka»ufc. i 2^ws»bfc», o & b, /W7y^^ 

ot^fc. II 9A#Io 
[ 0 2 6 3 ] 

F (3' f t-il^A T GCTCAACTCT [E?iJ#^ 3 3 ] ) tftt»LTV>**Sl 
3nm0^f-/S?^^^T?»t§«E««bT,X7-YFtiito©t/ifi : f« ; &*D^/to 

i 2 b# m a at b fc % , ± ia © £ 5 fc . x7-<K5t;g?i§is*^S!t)ffii, y y x b t 
, /\ y 7 y 9 -r v - y a y iff ft * fc a « b fc „ X7^F©ft«, a ? * >> # s s 2 * # 

S< ftoTWc 0 0 1 9 A#Io ISItyS?li: LT^'Jd^V^f F (TAGGA 
CTTACGC5' [IS^JS^ 3 5 ] ) T'lifbfcl 3 nm©4t/fi?*ffl^ 

Ta^*yd?^ix^^Ffecttfy-/s?«a#i«^^oMbT»^^/s?Ji*iip^/t 

o d cD«€r . 6 « < ft D > 5 2 0 n m © U V - *1 5&tfifi & it * b fc , Ell 9 A #1,8 
[ 0 2 6 4 ] 

t>J d ? ^ f Ffffit 7 8?^ I$S t 'J J ? ^ FJ: © D N A 7 'J ^ 

tt#ffltt*ftJ«Lfc. M»£K©;tefcfc, Ffcx 1. 5 m 1 © a >f 7 >J €-y 

Zft^tco S«OiBS*201C*»680lC'*Tffll***ft«'6» 1 °C / 1 £ © « 8 B# PI T? 
, tt?K»r §®^JSy (520nm) **^2-bfc 0 i&fitf 52^*8*. 

fc t * , 1- s & ? © y ? ;v a m m k fi t b fc c ii9B#i, y ? y- ;v © - * * h r « 
, 5 5 °c o>*mm& * m b fc ttis, g«n-A^y^^iwyj^^f 

H-t;ttf«a*tl8* , ^5(*l'*^ F til T 1 5 tl ft SS t - St § o B9 1 9 
[ 0 2 6 5 ] 

g-tt mi : 7° a - 7 1 b t y- y a? - a y J g g k * f f s &a £ S ^ fe * ^ ^ * 2 

»Utf F7-y^-f 

chs-eosiWB, 7 y -b-ft t u*y rf-r**y y #s * u** k* 

fijjib/c 0 *hss^j«. t/s?-ty J? * y*?- K«fti*«#y y * y*^ ft 

7 -fe -f fc 43 It « 7° a - 7" b T £ VMf 5 d ^ * II W t % o t° 'J ( r A ) ( 0 . 0 0 4 2 6 

0 *ffl)©?SiRiMi*- 5'*4So^;i/A7 , h7;i'*;i/yy*- ; &^rbTdT 20 (f- 

S^lz-hasmtSZOme rt'Jd^V^fF) icSabt^S 1 0 0 (i L © 
4t/fi7 (^if-lOnM) EijP^-T, ^l^^ffofco JS^^IEtt, ^ffl^J3tfE* 
© © T? * o o * SS ffil 4 IE « © J: 9 K , F 5 W 7 -Y X / V 7° a if ;l/ 7 ;V 3 - )l m * 
tSISL, SSTtOPSb, C18 TLC7-l/-FllCX*7FLfct> a^7'J^^ 
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fcSSJSLfcttJHIH*T»tt, |ftx*7ht'li^(, (Jy^fiflX^vhtSft. 
[ 0 2 6 6 ] 

mm mi z ■ ± ZM±nAl J? 1 KIMMi^MIfMIMj y h 

© 7 y -fa 4 

$ < © m £ , PCRICi5r**DNAf«0*S(iCli7yt'f£+^ftHfi*«ttt5 
Lttfi&IT'feS. t/g?-*'J J^l'tf F«S#^> DN AIR? 

Offlffl#©S6Tt77-b'ff 5 ( f ft to % s - * SS fll W © ii r /\ -Y 7' U f - *s a > 
&fc-*«lc|HLT7yfe-fr*) ft » C ffi ffl L % , o P C R E JS ft <b H £ ft ft 7 y 7° 
U 3 y * 8» L T , # Jl « K L *& * £ * ffiW * 5 o 
[ 0 2 6 7 ] 

KJa® OftBtilS-fe > F © l 4 l (HIJtriiTy^'J ^y^tltS P C R}§«6f± 
$ « * (Navy) & SI (ft * ft ft ( H 1 2 \t * S ft T V> § IE £J ) . H © 7 y 7° 'J 3 y © 
7yt-ftt, Q I aqu i c k Nucleotide Removal Kit (A'J 
7 * ;l/ - 7 *H ■ ?7Bifti!)*7yytt (Ql agen, Inc., Santa 

Clarita, CA))fc±tft©*yFffl©«*7 , nF3;l/:fcffl^T, 1 0 0 p 1 
OPCRiSIfryNASIHLTlSlfttf, fib, DNA©i8«W:, *yFT*M£ 
ftfc««»fcfflV>5©"eiift < , pH8. 5©10mM V > K S * JB ^ T M fife b ft 
o &^"cn Speed Vac (t/^ft (Savant) ) ±-eigJ«ifc*&3S£Bb 

. c © a s « k , 2 a © a ft § * u =r ? * u * * f - + / & ? 7° a - 7 ( 0 2 3 # m ) 

fr645 2iOS8»!Sfiil^LT«IILft5(i 1 © V X 2 - ?I £ tl % ?i i)P b ft » 

^i*»l«t5ftl!)li:&beft70-78»B, 1 0 /x 1 © 2 M N a C 1 « <fc tf 5 p 1 
C*'j3}!ntfF7D7*-« (0. 3M NaCUlOmM 'Jyl. pH7 
. 0g«*50pmo 1 © £ 7 P y * - * U p 7 * u * ^ F ( 0 2 3 <fc tf W ~F # IS ) ) 
* , 5/x 1 © ± ® fi ( » 1 OnM) ©^ytt?-*Udf?^U*f-K»«KilP*Tli«!L 
ft „ 7 y 7° 'J 3 y - 7°P - 7*fg£tl * 3 fl-flfl T'l 0 O °C £ ftnft L , * ^ "P > F v -f 7 X 

/i^;-^i8*Ti«isL, mmKmrnLtc * 7 u 3 - f ( 2 1 ) % c 1 8 tlc 

7° P - > ± £ X # y F b , K ft 2 ■& ft o A^7'J^1f-'>3y^ti^ffe07, * y 

f * m ft o 

[ 0 2 6 8 ] 

7y 7° Upy II W©^ftT, 7a-7l©^fiT> 7°p-7'2©^£T, £ ft fc* « ft ± F 

ijnowTt, HWfctfSj^-wBaxxFfcuasLfetf, * ^ t it ft , -r ft to i , vf y 

ybEl3*©PCR7y7°Upy^^ty7 0 p-7i*5j;t5 2^fflv^T^fflbftTXh{iPttt 
(try *fe©X#y F) o Cti6«D#!HCiD, H'SSO^n-^tWH^Tft!), 

A^7uif'f'if-i'3j'Eiifta*fl i « , i8i , p*D, j^o^^niwscaiWEjywji 
w 7- £> 5 c t s< 51 s a ft ft o 

[ 0 2 6 9 ] 

mmr.*mm$i(Dm zm mnrntemmttm) ^7n-7ti^t5ty^ 

y F "©fl-H KtS § ©*H'±t 5 ft & ic^" U ^ u^-^ F 7p y * - 

* it to b ft (fiJiJCBBLTttH2 3#!H) . ^ 5 © tt > J t©±5ft«-&tt^>'tt?* , J 
3" 5? ^ u # ^ F 7° p - 7 ff » SI t © » -& K =F H» t S & t? fc § a d © * i6S m T 14 , 7* n 
7*-*'Jd^l/^f Fti, 7°p -7*£ ± o T»«J ft ft V««©-*»«W fcfflfflW 

fll « SI k ffl ffl » ft SI ) i: ffl ffi « ft 7" p y * - * V p 5? ^ b * * F £ ffl fe © T- 5 . 
[ 0 2 7 0 ] 

HSfifll 1 3 : PCR?g?gfrg>7y7°U3y£#iibft^PCR7y7°U3y©ajg7y 
^ ffl fify 1 2 K IE m © # l« » , t/S?-*'Jd'?^tf F7n-7* Win tSMtPC 
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ft 0 , -* ft * W T K M m t % „ L©ynFn;Hi, Amp 1 i t a q DNA#'J^7- 
«t&GeneAmp PCR Reagent K i t^ffll\ i¥*ttTt!i^ 

[ 0 2 7 1 ] 

50(i lOPCRKfiiSK, 2iO & t / 14 ? - * U df ? * u 4- ^ F 7° D - 7 ( * ft € 

no. 0 0 8 a 5 2 0 *ffi> oii'&'ft 5 \i 1 fcSsinb, 1 n l o^oyi-t!) 

=f 5* ? U * H (HOpmol) £ , 5|i I05M NaClt, 2 (i 1 ffl 1 5 0 mM 
M g C 1 2 fcj&Pfcfc, C ©fg^tt£ 1 0 0 TCT K 2 #lWft]*!lUTi:#*«tt0fB*#lt 
U W * * SS ft m (IAS, F^WT^/x*/-;!/) E 2^flIIl/, S * 

df5C*l/*.^'Kfc©M-f7'jy-f*-S/3yfl«eJIC44) o MK, « m 1 © * * * 7 
l> - > (Mjltfs CI 8 RP T L C 7* V - K f U * 7° 1/ - F , 7^ •f' a y H & i: ) ± 
tXl'V h L fc o 00 © 9 0 s tfiBPCR»I'fOi«mO#*E*^b, Vf > ^ ft tt «1 

[ 0 2 7 2 ] 

■g-i/ a y^jz^j^^MJ: y df? » u*^ K©a%M 

fc, -*jH*U df? * FKJiJ^^/tt? EioTSli ft #5 C t£E0J3T£o 

[ 0 2 7 3 ] 

2iosft5i, #y a :. #y u* j: tf d a 4 0 : d t 4 0 *fflv^ ioo^i vmmm 

(0. 1 M N a C 1 , lOmM V VM, pH7. 0 ) * t 0 . 8 A 2 6 0 IllCgW 
r#$i£^Wf£*§?«l/xl^ 0. 3M N a C U lOmM 'Jyllll (pH7 
. 0) *«Au-sdT 2 0 ty|?-*'Jd?ntf 1 0 n M ; 

H A 0U 1 1 # W ) ©3O>fH**100ftlKlin*.T, fXf^IILfto * © ft » t ft 

K7^7^X/^ V 7° n e ;l/7;l/n-;vm* team LTM* IS L, **»*»6«»)H1L 
TIISLT, 8 ?S (2 2t) T K B L , 3 ^ 1 © » ffi. * C 1 8 T L C 7° U - 

x # >y b * m ft o 

[ 0 2 7 4 ] 

8?^n-7ii, E?iJ# JIWK, r*«ffl«tJ9ofc7*y ^*'J df? K/lf'J 5 

•;yt'J 3?^btf K gp -e *S •& f 5 t -fffc 5„ &-#Slf*±©£ < © IS ^ SMS A^J 

7°P-7^^^H*ii«^f*ft^-x k T § c ©7 -y -b <Y tf, *'J J'J#?*V*f H- 
^ISWKfe, *y rfrtf + ^U #** * Kr*ffijaWtt«lt5 C t^SLT^ 

So 

[ 0 2 7 5 ] 

HfififfiJ l 5 : i)tttMfcJtfettMfc^SV'S7yte^ 

f^TOA/f/iJJf^^-J/ay^llli, 0. 3M NaCK lOmM 'J^l, pH 
7. 0, IlltTllL/i„ Ace t at eP 1 us™Il/y71/y (0. 4 5 p 

m ) 14 , v +)- a - -b ? y #1 ^i7h#niJiftos>oy"fe^l/- , /3yXti (Mi c 

ron Separations Inc. , We s t b o r o, MA) fr^lALft, 

7;H;i/7^?l(t7f ^n^nx7i7 (3. 1 /i m ) a, ^yf^7t 7 

7->t-X'Rlifi0Ayyx • 7*7 h'J-Xti (Bangs Laboratories 
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, Fishers, IN)fr51Abft, Ail no-Mod I f I e r C 7 CPG 
@ffl3££H* (9\sV • V feilfExped i t e 8 9 0 9-&/ig^JiC>5' - 

7;^o-bO*X*n75^VF ( 6 — F AM, 7 U y • U ^ - f- tt ) * ffi 5 « * * * 
■ * O 7 = 9 ■< b it ¥ (Eckstein ll, 01 igonucleot ides and 
Analogues, SH, Oxford University, New Yor 
k, N. Y. , 1991*) *ffl^T, 3' ***7;l/*d/7 5/aT?efllfcUfc»lt« 

m'mmxv 3? ?\s*?-h**%f&L, ishplct'Isll u^t'ji^w 

* F ft , CharreyreS. Langmuir,S?13#, 3 10 3-3110^- 

s> (i 997*) k fa « © <t 9 t s* ^ * * * &s £ * £ $ -r § y f v ^ * y 7 * - b * >v 7° 

i;y^S)8^T, 75>tilt7f7^X5^PX7i7£#*2tfe 0 118 ¥ K » E f * 
t N 1 OOOfiaiOl, 4 - 7x-P>^f 7 

# ij 3" 5? X U** K©*tt*f*«** ( 0 • 1M. PH9. 3) KlWAfe. »»H«» 

jgttft*u 3? * i'*^ ks?s« (o. 1 

M s P H9. 3, 1M N a C 1 ) * T« 7 S /«lt7T y U5 * PX7 x7 fcEfr* 
€fco 1 2 ttNft, &?*I-L^ V IL, ffiffiifiSigiK (0.3M NaCUlOmM 

pH7. 0)- T? 3 ElJjt^Ufe. 5' -* 'J 3? * I/** K«F»&* /fi:?ftllffi 
« 3 K IS * © £ 5 tc tH C! L fc „ 
[ 0 2 7 6 ] 

*»*y=f?*U**-b*(l~5|iU 3nM) ^ SiilORSitBITglU^yd 
Fli7T'y^x;^nX7i77 , n-7S$ (3. 1 p m : 1 00 f M ) £ 
iitoLfco 5»«, 3 /i 1 © 5 ' ^Jd^V^FM4t;r^7-n-7f«(l3 
nm; 8nM) ft , SW6 i tf 7f y ^ ^ 5^ o 77 x 7 70 1 1 ? SifiEiD A 
/Co £ 6 K 1 0 # ffi « L ft '& , 7° a - 7 £ fl( W t ft fS- £ T 5 » JR * A c e t a t e P 1 
u s * y7^ytICTlrSH Lfco ft f$ W * £ ^7 x >y ^ X fi ? ft ffi 

It, A^7'J^^XLi5:!!)^feit7S?yo-7-tit^TlI?tfc„ 
I? W t , lfi(CA^7^VXLfc7T'yU^DX7i7l3ifftty6f t©#e 

t> * >7vn«fix*7 h«<**«nfc (Uttssno o «w*y =*? * Fft 

^^■T*»JS07y a- h*tS»o*K:«Afc»!H*K*«li:fiofc. *^7 

i/7itiisex#7 v if ma tut a) o 2 4 iss»tf;nsoi^< jtfett? 

3 fmo l©*W*y=f?^l/*^H««B*HlT?tfe. 
[ 0 2 7 7 ] 

'J 3*5!H^F (l-5(iU 2 0 n M) , 3 ji 1 © JS ^ ft HIS K * 'J 3 
^VtfF-7f7n5)0X7x7 (3. 1/xm; 1 0 0 f M ) 53 cfc 3 ^ 1 ^ 5 
' -^iJd^V^fF-lt/gT (13nm;8nM)?^fc«, 3 # IH TM 0 0 °C 

KtamLKo &^t% a <-fc»«*d*r*-*KiS8f!*«{*N 2 it 3 ^ntcs« us 
ttfett-e, 2 0 f m o 1 ©r*«g*y 3-? * u** Kff«ifi*an-* fee 

[ 0 2 7 8 ] 

fe»EH!iT?a&4Ct*l«SEW«nfco £ © M JB « » 7U3-hftiBiTLC7l'-HC 
X # -v b * 5 id K 1 *J * * * / « ? 7° a - 7 ft Ml S t 5. tc tb K 5 r y * X 5 * n X 7 x 7 

v \ (DMffimzmhnL, x^f, io, o o o x g 7j 2 tfiniifii'.Lfc. ±sf*B§tsux a 

i5^0B@Sft5:^-r Sfcfetc 5 /x 1 ©fflfSffi^jSftlLfeo X^"P» 3 p 1 7'J 3- hft 
ififflT L C yi/ - bbfe. -*«*U 3*7 ^ l/*^ Hfc-*»*«*y =T? 

n*fHO^^MLTt, ttfittit)25 fmo 1 # Si 81 tH T» * fc . X * >y b 
©Jg«tufflV^fc3jt 17y3-bcf©fflWoa^50 fmo 1 (Dfi?tS5tf\ a7 F 
;l/ K U V 5 ^ 7 ft ft ^ T Al t» ^ « X # >y b ft « § d i: ** Tf * . c © ^ ft fi 1 {k T 
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[ 0 2 7 9 ] 

1 6 : gg%fer£frffl^ft7-yfe^ 

jg it 41 © # s © d n a be ?ij © # ft « tft m i" 5 ft » c « , - us , *ydr?^u*f-K«fP 

* * ± © d n a a 7 u 7 -f - 3 y r 7. h A^ffl v> e> n § o it & ? 'It « % » * 1* 5 ft 46 

BE ?U 7 y -fe -Y © 1 6 'It £r ft §§ o T § o & t h £ © 7 y * 4 fc *5 ^ X\ % fk % ffl 0 M II W 
S ffi *3 7° o - 7" t © a -f 7 V 7 4 -tf - 7 a 7 , B«*«t«*4*fett7*y$'h*- 

g fi M ffl t IS fc A, H © H ffl S fi ft © ^ v 7 7" 7 7 7 F Wl M t K <t D SO PI £ ft 5 . S & £ 

, 1 # is a p a tocit^^ffiStt/a-^e^tsait'j 7 

F IS W ^ © a N tt © £ *Mg V ft tb K s - ? 7 b * ^ F £ ^ * m f S ft * © * ffi ^ ^ 7* u 
^■e-fgyf^htfttlft*^. UttffiolKEtt, JBKfciffjB&tttfSSSftfc 

*wwhicj:^t, fi^-ftEwo^TOBrtttts^afk-rsjifc^i***. * » ma a * © 

[ 0 2 8 0 ] 

ffil *. If s 3 fig # -9- 7 F 7 «y f - 7 >y -fe fi v> T , * V 3 ? 7 b * ^- F & W & 7* 7 fit ? t ft 

m m d n a is n * , * 5 7 a fi c # » l t ^ § * u d 5? 7 u * ^ f 7 p - 7 1 ^ •< 7 v ? 

^XStS d ttfT'Ztc (82 5 A — B#!S) o t/l?tt, fflgU©t© (125 A#Sg 
) T* $n T t , «»© 7 7 ^ © r>y'J-J ( t r e e ) (8 2 5 B#S) t^TU 
. „ r 7 U - J tt , ffl 8U © 7 7 ft ^ C J± < T S/ 7 7 ;P A it * m * * > / W 7 l> 7 -f XL 
fc^77S?© ryy-j tt, 3ff5xaS«±OBSfe1B«t LTrt«T*«*tf* S !: 
v> o ryij-j-tffl^4^i^, S ft tt r 7 U - J EJ:9T4««tiftfyt^*i(lS 

[ 0 2 8 1 ] 

HTB, (m 2 5 a tfljiss ntv^) loowscsoiiifiTfft*. 

* ^ H (3' -HS ( C H 2 ) 3 - A, o ATGCTC AACTCT ; 4 3) * 
, *«Wl0fcE«©J:3fc, if5XSfiilc|gU, «fi*Ud?*U*f K ( 5 ' 
— TACGAGTTGAGAATCCTGAATGCG — 3' . BE 5U # # 4 4 , 

ewT©*6cgsnT^5ia) tmm*v J? 7 f tz. mmw 1 ottBic© 

0. 3M NaCK lOmM U 7 S ««f ft * T* /\ >f 7 U 7 >f X * * ft . 
*B|-««r«Tf 2 HI U 7X bs ISWIIffitt DNA(5'-HS(CH 2 ) fi A 10 CGC 
ATTCAGGAT, gB?iJS^ 4 5) (^d^ij 3 fc!E*©IB£ft) "C « «ft b ft ^ 7 7 
?7n-7*tWt5!SI*li: 1 2BfP E §?I«Lfto 35? T , * fi * 0 . 3M NaN0 3 
T{sj0fe'J77LTC l"^^£Lft 0 & ^ T* , Sfi^ffl^fe^S ( S i 1 ve r En 
hancer Solut i on A t B © 1 : 1 ilpft, i/7"^-7 = *;btts #S- 
5 0 2 0 j3itf#S-5 1 45) 73 »H8«Lft. 7 b - 7 7 - ;H ^ffi * ft ft b g § 
y 7 F 7 X 7 ( «l A tf , Adobe Photoshop) tn-Hftayea-n 
IjgL/c (ffllt, if*3yi;a-*K:x*tyt*OKffl^6h«) T^S^^ttf 
» fi * X + + 7 b T 7 b - 7 7 - )v m m * ff o ft o IS * J7 T © « 6 ^ f . 
[* 6 ] 
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^6 







mmmm 


1 0 nM 


4 7. 2 7 


2.10 


5 nM 


5 3. 4 5 


0. 9 4 


2 nM 


5 4. 56 


1.17 


1 nM 


5 9. 98 


1 . 8 2 


5 0 0 P M 


6 1.61 


2. 2 6 


2 0 0 pM 


9 0. 0 6 


3 . 7 1 


1 0 0 pM 


9 9. 0 4 


2. 8 4 


5 0 pM 


13 5. 2 0 


7 . 4 9 


2 0 pM 


15 5.39 


3 . 6 6 


«l mm) 


16 8. 16 


10. 03 



[ 0 2 8 2 ] 

c<ommma. *iftt;g?i?F7h (qd) ±©-&j»-*«d n Aoisfttnn 

t§ 0 JjdCdSe/ZeSar/S'iAQD ( ~ 4 n m ) « W«StlC 

fcfeK, 7i*;^t-;^*Slt t8-*iD N A taiSJbtt < <^„ C©Hffitt 

, Jtf, Q D K. 3 - ^ fl/ij 7° h 7"n tf * >v 7°JfcfiEt 5 c t ic J: (3 Sl« tifc. 

b , QD t, 3 ' - 7° n tf ;V> f- * - ;1/ £ fc it 5 ' -^t^/^^-^flt'Jd^l/* 
K IE n t * E fS L 1 < L fe „ D N A ft „ M «t K ± D > EJSbftfr^ft D N Afr 68 
? * # IK L fe o SV^T, rijyA-j DNA*ft«iB«-&eaifc/W7y*>fXS-&T, 

4ttt$£ Lfc Q Dilute, fcMi iififcWJSPTS C t \C i <9 pja»WKl|l*££€t§5. §r *Jt 
QDl^ftfeiO'QD^t/ll? (~ 1 3 n m) MfcfcJilSttfc*'&**{*0aifctt# 
tt U V - nJtll X * * h fe . 

[ 0 2 8 3 ] 

a . -f®m 

NANOpu r eMMJkmm&Zm^rMMLrci- / ¥ a7 7k (1 8. 1MB) ^~1L 
■CfflVfc. Perkln Elmer LS 5 0 BS^^)llt^»^TS)tX^n;V 
If:, Hp 9090a Peltier Temperature Controll 
e r *H«LfcH P 8 4 5 3*>T#-K7l/^#tt««tt*ffl^T»»#*r**«Lfc 
oEppendorf 5 4 1 5l6H$ftttB e c kma n Avanti 3 0ai 
«*JgVTjfiifrfcfTo;fc. 2 0 0 kV?»fff 594 H F - 2 0 0 0 WSffiffi T E M £ 
fflV^TT E M B ft * fe o 
[ 0 2 8 4 ] 

B . *',J:3?»l':j-^K-QD&taftg>HjK 

¥lftlf F7f (QD) ©•&BKi*«g3fiO»¥MK:^:t<*M*nT33D, *88©tt 

figltlfil/fl*. Mu r r.ay6, J . Am. Chem. Soc. , Si 151, 8 
7 0 .6 ^ - 5? , 1993¥;HinesS, J. Phys. Chem. , fg 1 0 0 # , 4 
6 8 1 9 9 6 *©H3*. Q D *- K(SchlampP), J. A 

ppl. Phys. , S 8 2 1, 5 8 3 7 1997^;DabbousiB. A 

p p 1 . Phys. Lett, , S66I, 1 3 1 6 ^ - v>\ 1 9 9 5 & «k tf #ttW 
ttSif «II (B r u c h e z 5, Science, S28 1 # , 20 13^-f, 1 
998^;Chan?», Science, S?281#, 19 9 8^)% 

1Stt*J:tfii3!6Wttfl'l£ISHKSHtSftT^* (Al ivlsatos, J . , Phys 
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Chem. , 1 1 0 0 1, 1 3 2 2 6 ^-?, 1 9 9 6 $, fe J; [f ^ O * ©## A i ; 
Kleins, Nature, 699, 1997¥:Kuno?>, J. Chem. Phy 
s. , S 1 0 6 1, 9869^ - v\ 1997¥:NirmalP», Nature, ^3 
8 3 1, 8 0 2 ^-'/ 1 9 9 6 *#B) . LfrU*<©ffl»-fftt* Ltl^OS^B* 

(Vossmeyert, J. A p p 1 . Phys. , «84l, 3 6 6 4 ^-5?, 
1 9 9 8 * ) . * h K , llfi(J:<!)t/'tt?Sf8fi» (Murray^, Scien 
ce , S27 0 1, 1 3 3 5 ^- j ;, 1 9 9 5 ¥) * fc fcHftT 5 IE* tf* tlli* ff Mfr 

[ 0 2 8 5 ] 

D N A 14, t/X^-;VO|H7a y HI J» W fc - *7Gfc itf^^TcaaflUfi* 

ic^o yvitSftftOiSWftf^ >- yt'$5, &J&LJ82s * « £ A Vfe £ W £ tt 43 
.fctf? * V*? KEfllfc* SHKWK:*ftS<Jfil©7n ^7 AnJt^tt^^tyD NAO?< © 1$ 
tt^Q Dfc3-{*©ffiEK: fUffl Lff *. 
[ 0 2 8 6 ] 

DNAKiSQDOftWtis #t/S?©^££0&Bii?-&SCt^lOJ^nfCo AV> 
ikitC d S e QDftWSCrSfcftO-iHffiKioTs h'U^**X7^t+^F 
( T O P O ) tb'J*^f;l'*X7^ (TOP) ©ig^*T'3-bJn/ctt*l*MIBtl 
So * © IS £ , Ln^OQDtt, #«ittig»{fc:©*Rj»K:fc'K ^©fcfc, QD*S#1 
D N A*T?**EfSfc <t OTtlifc-f 3©tiftb^ 0 CtDltjfttt, IDfet^Sttt/l?^ 

tt, KSQDliS»l^ft^lft«DN A©E?iJ1tSWiS-&#tt*l'Jfflt§A^ftC}: 
|CfiI*hftV\ Coffer?,, A p p 1 . Phys. Lett. , tg 6 9 # , 385 
1 ^ - =J , 1996¥;Mahtabf>, J. Am. Chem. Soc. , Iff 1 4 8 # , 
7 0 2 8 ^-^, 1 996^0 
[ 0 2 8 7 ] 

Cd S e/ZnSar/fi/i'QDOSItt^lft-^kB^tiOT, uft6©*« 
ftiH?*, liSfSti^ 7;l/ + ;^*-;V**«Ii:tSDNAffiif«f»t8ci:tf 
a * L ft* o o L L , C ft 6» © Q D « zk ffi tt T* tt ft © T« % *©*5ft*t6««i»f6tl 
fe. Q D ^7j<mttic LT, Q D8®±£# y>< * Kill* H«tt S * * fc » © 2| 

©Sft573?£^fg^^nfco - 73 « > * U *'* T* 3 7 / is x ;1/ fit £ K A f 5 X r y 7° * 
#&(Bruchez?,, Science, ^281#, 2 0 13^-^, 1 9 9 8 *) 

, 8?^gs«, fr-3 7k®nt? %kibK* )\st>7 vmw*mmt 3 (C h a 

n 6 , Science, I281S, 1 9 9 8 *), DNA^^'J^ 

^■S-S/ay*ttTCf Kftjeiftan'f F*4ia'J'*> tOSKffilfcBitSftT^* 

[ 0 2 8 8 ] 

1 . 0 m 1 © N , N-'>7f**/^7SF (DM F ; ^-/H' 'J 7? tt) (H i n 

esS, J. Phys. Chem. , Jg 1 0 0 # , . 4 6 8 ^ - 5? , 1 9 96¥Kl3*©<fc 
.HlBLft) ~20mg©TOP/TOPOg£ttCdSe/ZnS QDOfilSIC 
/i/'Jy.f*l^T, llft3-^;l/*^>^ni;*yl (0. 10ml, 1 • 15mm 
0 j ; K V 7 ftt) ttmu LT, 3 - ^ 71/ * 7° h 7 P tT * V ft E Q D * * * 

S»ljli&J»*#fro;fc*Uy$?fe©i8iR*£fi!tLfc. ofc. tt-MSJS© 

iifijft 3 -^;l/737 , h7Ptf^y^^P^S^f\ 8?*aiT£DMFi|"lL«# 

Lfc. 

[ 0 2 8 9 ] 

ty|^HTOi5tlSLIISlfto 0. 5 0 m 1 K»* ( 3-0 . 0 0 0 r p m T? 4 
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mm) ji'uu ±.m*mzLrc 0 ®<o <D®mz~ o . 3m \ <ddia? -eftWh. m&l 

It, £<DXT'J>7'*Se>K2lB]tt*)jILTfr&s FTIRX^Wl/*fESbfc 0 FT I 
R (*i;xfl/y*-K, 3Mtt) :1710cm" 1 (s), 1472cm 1 Cm) 
1278cm -1 (w) > 1189cm -1 (m) s 1045cm 1 (w), 993 
cm - ' Cm), 9 4 6 cm- 1 ( w ) , 7 7 6 c m ~ 1 ( m) , 6 7 1 c m " 1 ( m ) 
. TO P/TOP OS^ft^^QD t&m**)s 

, mmm%7v If* yltSIS«% 1 7 1 0 c m" 1 © v c 0 XV F ? 5 t fe d 
[ 0 2 9 0 ] 

3_^;v*:/h:/pe#:/a#tfQDtt*fc£KWfc*»"c**tf, *n&©?s»sni^ 
ttT0^7^*77lcteioi5(c 1 Sffi^-&^;yA7°F7 p at°^yKgMu^4- (5?** 
;V 7 = 7 ) tf U 5> y ( D M A P U-lVF'J^fti) T? IK ffi II L T £ * K * «> * C # ? 

[ 0 2 9 1 ] 

tiJd?*U*?K*QD£^a?^5fti6K:, D M F * O 3 - / ^ h 7"D ^ t >t 
ffi ft tt?8f}K 15 0/il ( 5 3 0 nmt'(D)tfSa=21. 4) 0. 4 m 1 ©DM 

F^ODMAP (8. Omg, 0. 0 6 5 mmol) OSItitaLfc t^^'ftOtt 

«*«««ja*nfc. ^n*. a& ( 3, 0 0 0 r pm^-S 0©) ^ <fc 0»its 
3' 7° p tf ;W * - ;l/ - S ft « 5 ' 'N+S' - 'J 

o~2. o OD/m l ; H«!«iJ i tia*©± 5 KMIli : BBJiJttWFfcEW) o 
0mlC«li«*ft. (*fc»*bfc> ft 18** I r-OXPlf- (#U 

X^lxy*-K, 3M*±) iCioTSttSSU, I R (cm 1 ) : 1 6 4 7 (m) 
, 1559 (s), 1462 Cm) , 1214 (w), 719 (w) , 478 ( s ) „ 1 
2 B# N ft H t It % > t'Jd^V^^ F^tii^O. 1 5 M N ^ C IK in A , tt ? * 
1 2 Bf |«»J««*fc. N a C 1 ©ItH^ 0. 3 Mtaft, 6 K 

24~40MSIltfr^ 100kDa^>7^(Spectra/Por Ce 
llulose Ester' Membrane) %fflV^TPBS(0.3M NaCl 

, io m M vymmmm, P H7, o. o i %7$Mt* f y * a) -caw tfe. its 

[ 0 2 9 2 ] 

c © <k 9 K LT-§S»! L fc* 'J df ? * H - Q D a ft f* 14, *£fc7jc£j£tt** t fc. 

£ £> anO'li, ( ~ 3 . 2nm CdSe37fc7*f;MurrayP>, J. Am 
C h e m. S o c . , % 1 1 5#. 8 7 0 6 1 9 9 3 *) 5 4 6 nm?Oll 

ft l*m±m (F WHM) = 3 3 nm] »*»)t*^b, 8liKSfttt«)SST*oft. 
[ 0 2 9 3 ] 

^©7PF3/HCj;t), 2 8©flft£*U:i?^l^^F-QDiiStt£IISL, PBS 
*t«#bfe. 3 ' *«©7°P lf;I/^*-;Hr«*4:. 1 2 m e r flg E*J t , 

^filOSI (t^TA) = 5' -TCTCAACTCGTAA, 0 - (CH 

2 ) 3 — S H [E?US# 4 6] kHftiZZmer -CtfttLfc. ffitftt, 5 ' -'N** 
;l^*-;l/**tSafc**E9Jfc* 0S1 (t<TA) X^-^-, fe * tf 3 ' 

-7°P t?;V^*-;VE?iJ tilNSffiWft 1 2 m e r M»E?0 : 5 ' - S H - CC H 2 ) 6 
-A, o CGCATTCAGGAT — 3' [ E ?>J # ^ 4 7 ] * £ ^ fc . 
[ 0 2 9 4 ] 

c . o d jfe^f»g>mia 

ts t£ § s © c n ^ 2 a © * u 3 ? ^ u * ^ k ( ^ n ^ tu 2 0 0 p u od 5 5 0 - 0, 

2 2 4 fcitf 0 . 206) fcfi^U *§}fWft«*£ 2 4 m e r E?U ( 5 ' - T A 

CGAGTTGAGAATCCT — GAATGCG — 3' , E?J#*f 4 8 ) © » K 6 fi 1 

(60pmol) SITE 2 O ~ 3 0»filfl?Q D ilft (02 

6) „ iB ( - 7 8 °C) L , ia>o<D$fi$"£il*Sfc» IIS^I < Si: o /c„ 

[ 0 2 9 5 ] 



(106) 



JP 2004-501340 A 2004. 1. 15 



, IMLftA^ftgf ( 3 0, 0 0 0 r pmT* 2 ~ 3 Sf H ) t tt^T , it « WffiMT? 38^ 
( 1 0 , 0 0 0 r pmT* 1 0 # l« ) t« C t Ki D»IT8 affTSft. 
[ 0 2 9 6 ] 

A^7'J?^f->'3yiSOS)t0l'>i&, 4MOMIIC 4 7 5 n m 6 6 2 5 n m $ 
T? © St Jt 5/ ( a jig ?S * 3 2 0 nm) <D D^lbfc fcfct « © tfffi T? H 

3SI b fe . Eppendor faiin% 3' k')l/ft-i^*ai 5 D N A? 

{*Kpbfcfi?(30/xK 5 3 0 nm?O)i5f«fi= 0. 2 2 4 ) (Dii^, 5 ' *\ * *s 
t5 D N A T'«» Uft Q D ( 3 0 \i 1 , 5 3 0 nmt'©«ffl = 

0 . 2 0 6 ) t & t> •& , »V^1 4 0 /x 1 OP B S Tlffibfc, & V T , 8^1*200 
S§ * SB # E » s - * K ft ffi *l W rijy^-j D N A ( 3 [L 1 s 3 0 p m o 1 ) * x ■ ffi H 
Kit, ^PlMn ryy*-j DNA (5' - CTACTTAGATCCGAGTGCCC 
ACAT-3' , BB ?U ft ^ 4 9 ) (3(1 1 > 30pmo 1) * M * tc „ 3*t T% £ 8 ffl © 
MS^K7^7^X/7t by?§ (-7 8°C) *-e*ttL, ^©1£, K»*»!!p6*t)Hl 

l s «>o<»)Sia*-es«>fe. >w7y*>f#-5'ayis©stt»*©Kfc**«i , *"3fe 
feic, raw j (ffl«wryyA-j)Kfloa3t3SiS*s*fflll«ri;y*-j 

»jSfS*fH8M«S*©3 2 0 nm , e©»)tSK*H-5M*lB6frE : r*J:5Kli»Ufe 
[ 0 2 9 7 ] 

IS £ H , QD/QDl^tf, TJ5LT26. 4 ± 6 . 1 %0«»I«ifiOi'>fc , Q 
DHOtti$*lcJ:5i#A5n55?)ISi*0~2ninCl/9Hi/7h%tfUi*SL 
fe. HfliSv^tttt, BawendiStt, ffi * Q D t S «S v b 'J v * * * T* £ < # It 
LTVV*K*K«yh0S«*Jt«Lfei:*fc» JHftll? tt * * bf F'/ 
7HcSt^^T^ft (Murray6, Science,fg27 0 #, 1 3 3 5 ^-5?. 

1 9 9 5 $) o UtX^*h;Hc*lt*c:n60K{kl4, QDH£i + J'^tfKSSnft 
:kSSlTV^<0frtlh4^ff, *©<fc 5 &ffl-&{*©IE«ft14Ktt* # £ £ £1 ft 
o«4ffl&v^(Di?*8. iJ b fc J: 5 c > ryy^-j *i v *n fc b < « ffi II We ft 

[ 0 2 9 8 ] 

fifiOMRfc U V - pJIBX''** h ;l/*W*LT, DNA© rmfgj ssi&fct 

n*-bfc„ C© \mm\ fitf<DtctblC, QD/QDjU-^ftSr^frftlStt^lO, 000 

r p m T? 1 0 ft ?3 31 >b b , 7 ft 1 © P B S V «c » » f? 31 j& b T , 0 . 7 m 1 © P B S K M 

MZ&rCo ig a * 2 5 °C 6 7 5 °C £ T? ± # £ « ft 6 , ftfflSOWKl^lBOftJSWM 
*£oT, J|-&{*OU V/BHa»)t^^^^*-% 2 •CHHT?E»Lfe. HI£%3IbT*3 

-tt**itt5ft6(C, 5 0 0 r p m<Dm&^mn b fco 6 0 0 n m 

[ 0 2 9 9 ] 

g$ t 0 2 7 B (T m = 5 7°C) tt , DNAffQD*i±EI£ft«tl, "7^9 4*8. 

©ffl»ttffi«)Tilift (*hftlO-*f«»OFWHM : 4 °C ft 9 °C ) Tf 0 , cnii, 
*tf«g*ttfctf, cntts ft^ttrt Oi? tf*©JH H© Q D K ± S tt©Mfr 

n § x * y - - v & © fc » t* * § nj it is ^ o 

[ 0 3 0 0 ] 

D . 0 D/il^^Oil 

y >y vnsfoiDmi&tfmm. ft o ^. cn&o/w^y y f a * *i "r sfeftfc 

, Epp e ndo r fao|ff 1 t\ ~H nM«3' - ^ -> ^ ^ * - ;V TMi b fc 1 3 
nmClt/fi? (30(i U ~5fmo l ;3ft0J3lcf2M®£5}cMH) ©?Sr«%> 
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5 < _^ + j/;^^-;l/**JSiIi:1-5DNA*»QD ( l 5 (1 l , 5 3 0 n m © ft^ 
ggfiO. 2 0 6 ) t S £ b fe . rUy*-JDNA(5/iU 50pmol)^rtox.> 

,li(3, OOOrprafl # IH ) U ±»*Ht*bfc*, 1 0 O p. 1 © P B 

S T?Sg»U SSiLft. 
[ 0 3 0 1 ] 

I"** J »*fOfe»Es i5fe#bfci5tl&»£ O . 7m 1 © P B S Klllft. U V -BJtS» 
ttffi*JBt^T, y S?©HS7°7 X*y*fl|0.«^*5i»bT x 5 2 5 nmTOSI 

ft 7 a 7 7 % ft CI b fc „ it/Sf©lffi^7Xty«l^ffiv^^ >\ 7" y 
jTsfH—i/a y*^=.ft-t ZtctbK, Q D fc © U V - 9 -f 9 1 ~ * ffl V * 

in, tt5^tSjfiao7 , p-7*!bM#6n5. ifttfot, rni»j 

*S^|*JB (QD»«0~ 1 0 icllttlLIStf, ^5Xty^VH«)a 

£ K £ o ^ Q D * © U V / ^ II v' ^ ^ & 3 0 ±!H©^»QD^^P«IC 

, t>$ft (-**MROFWHM=4. 5 °C) M«P4Ef*tt, 5 8 °C T* S3 c o (127D 
#H) c 
[ 0 3 0 2 ] 

«14^U ( El 2 7 C ) . TEMB«fl44t>'tt?iDtt«frC3yl'7XbtflV> 

QDii, jeneott^TiSJWcirstiiS'Jbw*. qdb, m mm m t e m t- * a s u t 
d n e. ©*^#*-&f*oj«fflW*3fi J f> J E-n e. ©^j££ d n a tfSftTSiJ 

* H tff * b T V 5 a 
[ 0 3 0 3 ] 
E . St 

:h6<ofi?4»'f7 | Jif'f<?-5'9>*ftTlcDNAi:id*Tttlibffs:i:tlt 

«SCiiEbTV^S. D N A m & it Q D * ffl T , 110© D N A^#Q DlSfeiffSn 
4/QDt/ft?ta«<Sltt«nft. #»#QDtDNA'?«IA<**t4Ci:tt/« 

« ? , i If Ik ^ # 14 © IS IE H * 8f £c ^ © B ft B9 ft T V 5 e 
[ 0 3 0 4 ] 

mm mi 8 : ^'jd'^^p^^F-^/^^ftfaftq^^afc^^ ^ns©^^^^^ 
a . -usa 

HAuCi 4 • 3H 2 o^ctrf^xylHth^ili, ^xny>yffl5;K*-* 
- ffi ft © * - ^ K 'J 'V ^ * 'T 5 * ;V tt ( A 1 d r i c h Chemical Compa 
ny. Mi lwaukee, WI) 6. 18 A b It „ M£ 9 9. 9 9 9 %©£7^, fc £ 
^ 2 y 7 f & , -TUy-f W X M y X h > ffi ft © =f - A- K X ^ X tt ( G o 1 d smi t 
h Inc.Evanston, I L) »? 1 5 * 

n->'j3>n-A (ioo) ti , * y 7 * ;p ~ 7 ffl ^^77ifio->ij3>' * 

lXl-'0^t->at;l/a(Silicon Quest Internation 
a 1 , Santa Clara, CA) fr61Xbft. 5 ' »J C 6 - * X 

*B75^FKi, 3 ' -^at!;I/^*-;HI*SiJCPG, 7/P^l/t^y*X*n7 
5 :$f-r K fccfctf* 'J 35? $ H-&ritK*fiftffi©M*«x 7~>-^-7'>NX^-y 

y ^mft © V b y • y -9" - ^ttfr & » A b fc c tttO^'Jd'^V^fFtt, II* * x 
t«o7i^Htf (Eckstein, F. , Oligonucleotides a 
nd Analogues ;fglK£;Oxford University Press 
,New York, 1 9 9 1 ¥) *l^*DNAg|^il (I + X^if'f hti (Ex 
p e d i t e ) ) ^foTiSL/c. 5 ' '\*3/;P^*-**»{*©**Sil#yd?* 
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V** K**««>J 1 CIB«0* 5 fcHHIbfc. 5- (fej:tf6-) - A ;l/ * $/ 7 ;V * U 
t^-y, x £ i/ y 5 'J ;i x x r ;Wi , * b 3 y W a-v ? -ypir ; iS'D ; &^+i'5 - • 7"a 
- 7 X tt (Molecular Probes, Eugene, OR) 6 J» A L fe . N 
(Sephadex G-25Med ium, D N A ^ b - F ) tt> 7 7 
;l/Vi/7-/W^r^tt (Pharmac i a Biotech) A^lALft„ t^t 
(Omm\C, Barnstead N A N 0 p u r e IM*l%ffl^Tlll Lfct / t! i 7 
H z O (> 1 8 . 0 M Q ) * ffl ^ It o Aut/fiySiSOli'KB* E p p e n d o r f 
5 4 1 5 C Sfctt B e c k m a n Avanti 3 oa-&«*fflV^£. K2Ift^n 
H P 'J - X 1 1 0 OHP LC^l^TSIlfeo 

[ 0 3 0 5 ] 

b . mmmis. 

* U J? * b*^ F* i^t 7 e?r§«©1t?%«X^^ h /Mi, Hewl e t t - P a 
c k a r d (HP) 8 4 5 2 a 94*- K 7 W ffi W" * ffl ^ T ES L fc . 

ffi « , P e r k i n-E 1 m e r LS 5 OiK«Sft*ffl^TH«l,ft. 51 jl §^ H ? PI 

^gti&s (tem) a, zookvf»ftts0i[8 i ooant^BiMftitft 
c */tt?»«*o£0 il8§^X? ( I CP) ilgftfli*.*: A 

tomScan25lf»jttt*l^ft (&©Btt{4242. 7 9 5 n m ? t - * - b fc 

) o 

[ 0 3 0 6 ] 

* ^ ;l/ * - ;HS # fc £ tf 3 ' 7;!/* b-fe'T :/»#*fflVT, l 2 &m*-£ts9-*-)V» 
*#y:J**Utff-F»*WRbfc. 1 2 m e r ( S 1 2 F ) © E 81 , H S ( C H 2 ) 

6 5 — C GC— ATT — CAG — GAT — 3' - (CH 2 ) a - F [IBM # 5 0 ] T* 
D , 32mer (SA 20 12F) BRU 1 2 m e r E?Ji: « 645 2 O d 
@3 81 * 5 ' 48 K W b T Wc [ IB 8J # *f 5 1 ] . *-*->l/*»*y:f5**U*?-Ktt, St 
orhoff^, J. Am. Chem. So c. ,fgl20#: 1959-1964^- 

*j (i 9 9 8 *) k m m (o «t o k m m l tc . g » ^ $ t a 7 5 7 % m m c 7 cpgm 

3£ *} (* ft ffl v> , 5 ' * tH s ft ME « © £ 5 £ s 'N^>'i^l-**X*n7^*^f 

bfc. 3' 7 = 7, 5' f y -cum Lit v =f? 1 b*^ Fft 

, 2 5 4 nm?DNA(!)UV->yt;^t;^-b^ 5 ^ 0. 03M HJxf^7^ 
tx7A7-br-h (TEAA) , p H 7 * iU* 1 9 5 % C H 3 CN/5% 

0.03M TEAA^StfHP ODS Hypers ilA^A (5mm, 250X 

4 mm) ftffl^T, 1 m 1 © ft 3 T? H P L C \C £ D M H b fc . 5' — S — r- 'J f- 

3' 7 5 /{f « i 2 «x« £t>* 3 2 si* y =f ? * 1/*^- k©«#bsih a^-ft^ft 3 

6 *K 3 2^?$ofc. 
[ 0 3 0 7 ] 

«*a$£«£fl4lft 1 m 1 <D 0 . 1M Na 2 COaCBdt**. IBilCiw (*^- 
!7- . 7n-7tiOXI) «oT, Bf BiTlff Lfttf 6, M?J<DM F * 1 0 mg/m 

l(D7)^H!^>7^->>^5i'')H7T/l' (5, 6FAM-SE, ^ b * a 7 - • 7° 
D-7X*t) LOO/ilfcl. 5 B#MfrW-Tin*fc. »«*3fi~FK:S ^ K 1 5 Il9«jf 
Ln #v»-? n - 2 0 tTC 1 0 0 %x * 7 6 tfc, tfcJSWftiS^LTIliRU 

H 2 O ^*>3?IHP LCiaDs *g-&l%ftKjSb&;&^fc 757ft* 

iSSfr5*y=f?^U*f-K)b^e>^KUfc<, l 0 m M N a O H 7j< tt ft K * i 1 % 
/^UfiOlM NaCl/lOmM NaOHftfflV^T, 0. 8ml /5rO»SlT\ D 

ionex Nucleopac P A - 1 0 0 * 5i ( Z 5 0 x 4 mm) 

5 ' _ s _ y y f- ;l/ , 3 ' 7;^Hr^^**l 2-me rfeitf 3 2me r©«8IHtt 

* ft * ft 5 0 $K 4 9 # T» S -3 fc o *'JdJi*U*f-Kai(ltiS!iHPLC1?KSlft. 
7;^H!^>^*SStt5f l Jf*t'Jd?7 1/tf FOb'Jf/WSil'Olitt, 
$fe IB H (O <fc 5 £ s ( S t o r h o f f 6 , J. Am. Chem. Soc.,^120# 
, 1959-1964 (1998 *)), fig * ft * «fc 5? ^ * FV-f (D T T) ft 
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ffl V T fj-ra fc o * U d 7 5 V * ^ F © DX * *5 £ tf *fi IS tt , 7/^/^^-/^ U d?^ V 

KtMltfttieibfegl (S t o r h o f f ?>, J. Am. Chem. Soc. 
, |gl20#: 1 959-1 964^-^ (1 998^)) ft ffl <^ T fMffl b ft <, * 'J df ? 
* \y * 9 F tt , * - ;H © F V 3- frU £MIfi ft C ffi ■ ffl L ft o 
[ 0 3 0 8 ] 

3 ' W 7° p if ;l/ f - * - ;l/ T- 5 ' 7;l/#Hr-r;/fflS# ( H S ( c H 2 ) 3 - 3 ' - ( W ) 

20 -TAG-GAC-TTA-CGC-5' - (CH 2 ) 6 - F , W=ASftttT) f 

£5 3 2 ffiSfc^tyf-t-rt/ttW*'; rJ? * l'*? 1 K [SB5iJS^5 2] ft, 3' 
*««CPG*«fflLTli^*»lT?^«Lft. StiJd'?ntf F©5' * i$ ft , 
$ftlT\ 7A'*'L"fe'<y*X*P7$^'f h (6-FAM ( 6 - F A M , G 1 en R 
e s e a r ch) o ft ^ ft 0 tffifftf'JrJJt^l'tf^K&x ^ t VjjftH P L C TlS L 
ft (1M NaClfll%/»SI, 10mM N a OH ! ftjtQH ( R t ) ~ 4 8 » ( 
W = T ) , R t ~ 2 9 » ( W = A ) ) . m fli & s t'Jd?n*fFS»*ffilHPLC 
Tllllft. 3 ' ^#-;Hfl$#fc, WKJ£Ea«n/fc^ffi ( S t o r h o f f 6, J . A 
m. Chem. Soc. 1 2 0: 1 9 5 9 - 1 9 6 4 ( 1 9 9 8 )) tit), i'ftXi/ 

[ 0 3 0 9 ] 

D . 7;V^-fc^y*gH^'JJ?»^^FiP^$fcJ:a : ffiS 

%itft Hllfiffiffift (12' F ) f±, S12Ffe±tfSA 20 1 2 FO 1 Znie rEMi 
tlflWS 1 2S13' — GCG — TAA — GTC — CTA— 5' - ( C H z ) B - F [IB 

5 3 ] bft„ v^r* u * b*^ U 5' 7;i/*;v 

^*-;l/«EWtB8LT±^bft#liK«fil©^U^^^-^#l©*ffl^T, 7 ;!/ * I- Hz -f 
y*X*B75^h (6-FAM, ^Vy-H-ftt) iCPGig*^?*!/* 
^ F© 5 ' ft* v -/V y 9 bft 0 ilBOi^^IflHP LC^ffl^tai^ilL 

ft, 7 >1/* U-b-C yUmt V 7 * b*^ F OffiJflS Htt 1 8 o fto g l)^J«ffl 

©7 5 C 7 C P G @ffl58f**fll^T3S£)tfflffia*fflJiitt^ 3' 12F (5' 
— ATC — CTG — AAT — GCG — F ; [ IB ?0 # ^ 5 4 ] ) ft P b , # V> T? , ± IB # 
)i * ffl T s 5 - ( 6 ) -iJ/^^'>7/KHrOX^'>y^5> ; ;UXT*4 3' 7 

;yt*77"yy^Lft, 

[0310] 

e . &JiZM^±MM&AVMM&M 

it/87tt, llflltfeiOi^K, HAuC 1 4 *^iyiST?«rttTillLft 
o i^tlftt/g^Ot-fX^SOSitll, 058 10 0 T EM?:ffl^tiffit5II 
(TEM) fcfflV^fc. 9-<v 7 >C v * V 7 F 717 (I amgeToo 1 
) ftffl V^T T E M* 55f *f &'>ft < fe t 2 5 0 S?ft^& Lft „ ft S Wft ffi ? IB £ * © ¥ £ 
lilil 5, 7±1. 2nm?*ofe. S«t;6?i«fi^^^O«S ( 1 9. 3 
Og/cm 2 ) ttfbl^lgSbT, te?Sft S ©¥i3#?«ftff» bft ( 2 . 4X10 
7 g/mol)„£^/*i?^«*©£JIC?©rfiffifts ICP-AES (»3f 

*tt) ftfflV^ft, T EM#*rfcJ:oTl#fe¥£tt ; ?Mi:*Jfc 

ILT, Br^OE^WifO&tt?©* ftlWCB-l 0 n Mfttffto affi7°-7X 

^ ^ Jl l£ £K (5 2 0 nm) Tyo^/tt^jSHjtOUV-nlSKJttSftfllSbT, tt ? © * ;l> 
( 5 2 0 n m?© e ) * 1 t it 5 J: , Mfittt, 111 5. 7 ± 1 . 2 n m © 
ift'li4. 2 x 1 0 8 M ~ 1 c m ~ 1 1? fa r> ft „ 
[031 1 ] 

f . ^iioia 

i/>Jny7i-A%~l 0mmX6mmgfltlcMl, 5 0 °C T t If ^ - 7 JS M ?§ $ (4 
: 10IH 2 S 0 4 : 3 0 % H 2 0 2 ) T'3 0»i^l, * V T* , % 1 © 7k , 
7-;lvT"; >X bfto («S : £v^7 £ Kb < £fST*©T?, & 0 

SV(Cft«*Sl*^STS5o ) E d w a r d s F T M 6 E H IS H « « * ff ft H 41 
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Lit Edwards Auto 3 0 6 1/^1^-* (3 x 1 0 - 7 5'J^-*Oi*ff 

5 n m © T i fifl, 2 0 0 n m©4T*3 - Mf;. 

[03 1 2 ] 

g . 5' r )i * ? * ~ >\< * v ^ ? t \s * y mm^i- y (omm 

*Tfcfc:flB#«Lfc*y af? * U*^ K*^/tt?7Jc}Sffli (fe?rl«~ 1 0 n M) t 3 jj M 

oa»*yj?^w*f-Kai«$'eiipAT, &■)■ /n?*? titum y-7 frf-fr?-* 

-;l/.*y d7 KT*il*bfc. 2 4 WrlHUt, »«*p H 7 (0. 0 1M 'J>D 

T* 8 « L , NaClSI* (0. lMClUlfiS?) ilUc. cn&O&ftTKS&K: 
4 0 n fS > JS 1 * r IS J$ J $ * fc . # V , 1 4, 0 0 0 rprat30^M«LT> 1 
#JftK**RSb;fc. ±»*»*Lfc«* #!&©tttttt«W*s 0. 3M NaCU 1 
0 mMU p H 7 (PBS) T* 2 @fflc£L, LT» B » IK * , «* 

K**4lllfl£»»ll!«*ft. 8fc»¥M^ STK, '>« (UV-Rim^JtffiCJiOfll 
£LT~ 1 0 %) Ct^liJtfljl^lcMShS. LfttfoT, Iit/i?i§S^ 
N TEM, ICP-AES, fc itf U V-pJi!#ft« (±E#W) * 9J £ L It . 

»±tf«[fi»^a, * y =f? * ix^j-^ Kftwos* t l -c £ a t » u * fe . 

[03 1 3 ] 

h . 5 ' 7Jk±A±J^zJk^A^L^JfLA±l-MMMMM^MM 

fc 7 ;l/ * 71/ f- * - ;V £ m * U 3 ? * U * * F © ft * ft ft * K § « t It . * U 3 ? * U * * 
8*0. 3M PBS?i<nXL, Ml'fiCfilPbft. ^lift^ft 

f*-)l/**DNAtt, P B S £ § m L fc fa t m £ L X ft V> St ft ^ -Y * £ ffl K B M M IC 

[0314] 

i . ± / a? ± k a a l it 7 >± * )\, ± t - a> * y j g » k £ ± E © S * 

tfyrJji^Uja-f-KfcMTSfcfcK:, 0. 3M PBS4'055S3tHlfflil*y=f?^t' 
*^K-p«»Ufct/'lK?*feti»lit, ^/l-A7hx^;-;l/ (ME) % (1 2 m M © 

sa & r ?» fcv * » & n m * » s t t > n«*y=r5»^u*f-H*^W"r*»jii*&^& 

# 1£ L fc 0 0. 3M PBS, pH7*iiOLT, 1»C7 »J a - 2|*«Lft, U 

ffittKOBKlCiSt^TOM^ilcBLT, BICCiKf 8i5 caibft ( Z h a 
o 6 , Spectrochimica Acta, 45A: 1113-1116^ - 
1989 ¥))o (520n mt'iSLfc) «*58ft£* 8*P «J*tt IE fl « & ©fii fflK 

iD7;i/^b^^>-7;v^;i/f-^-;Vfii(p^y^5?^b'^^Ko ; &;v?sa^^^t/tc, 

ifi*ffl^Ttt«Lfe, lit, ay £ l fc * y =f 7 * u * ^ k © * ;v » a % ^ © & * / s 

? 8 S f IJ o T , tt?^fc0O¥^Ji-y=f5t*U*f-K»*1lfc. * V T? , / tt ? 8 IK 
4>© (*tttt?*«JELT) Lfett? «BS«n?*Jo T, JE«*Bi**iii«fl*ttWb 
fc 0 KRfiOigS^ffti. Ir W L fc 0 . 9 3©¥*5XP3I(i:i^<o KP3fiHStts Ba 
xes, Gregory, Digital Image Processing, 157 

(1 9 9 4 *) 6 L/c (4x P i xffitt) (S|xz) i: UTtt*T 5. 
[0315] 

j . m ^ 7 y 9 ^ x g n itm w £ a g a © g i 

fflfllLft* y fp U*f- F («ffi,^-&*y F (1 2 ' F ) MlffiW) 

* , A^'J^^*->a>lft ( 3 ft M ffii«^Jd?n*f F, 0 . 3 M P B 

s, P H7, 2 4 H# de ) tt\ Final ( a © ^- y * it « ) 
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=f2*U**-F*s NaOH©gstin(gl?7fifi~5 0mM, p H 1 1 ~ 1 2 , 4 ft M) JC 
it), fA^7'J^^XLft„ Si>lt<):oTt/i?i§$fr6 1 2' F £ WiSifc* #K b 

ft ft , i m hc i©ltoicioTi§I^tfnL, A>f?'J?>fXbft*ydHi/*f' 

bft 0 

[0316] 

^xySJIgtftit/lf ^ 1 2me r 7;WH?OlS7i^;^*-*DNA ( 
HS - ( C H 2 ) 6 5' — CGC— ATT — CAG — GAT — (CH 2 ) 4 - F [E5U # 
^ 5 0 ] ) T f B It L ft o &^T*, {t¥»*bTV»*V^y=f?»U*f-K*S^C«5V^ 
8K b ft %. T* s BBftfflaiitfyrJJt^btf^Kfc&affifr&lftSbTSiBttMSfflSfc* 
H ffi l , ( ± fi 0 <fc 5 ft ) iJ6»J6S*ffl^T*yd?n*f FMSSitft. 
[0317] 

UK, II b ft S ffi ^ D N A © itft^ + ;Wi , it/SfM^DtWIi**^- 
© » (FRET) <DlSJ&fcbT«ft*«fcil3ft*n5«, S P§b 7 )V* Is* 4 V V 3 Z 

>7 F ( 1 2 ~ 3 2 5! * KI, E5iJtt±IBKia«) 1 5 . 7±1. 2nmO 

*t/a?±KHS{k*n. « * © s s * y ? * b * * f ft v» at s ft ft ft -e a , 7 

;^l/t^yf»^'J sf* * b#^ K(ciiLTil£nIIfti'^t;VttStA,2#ftL&^ 
,8Zl£,4ty87li, 2 0 0 - 5 3 0 nmOISEti4i«)*t»«b« 

, 9 ft »j e b# © » * * © & ^ ^ k ? © # fi t± , 7-f;v*-fcbT©!afij**fcb, *j ffl bi 

a6>S:HljBx*;l/¥-^tf-p>a:<ttai*n«ttl**©3fifi*fcffiT*-e-5. 7 ;!/ * b -b W V 
© 1 * » ft SHC & , 5 2 0 nmT'iDtil7'7X : t^^yFff«'>t5. 
[0318] 

>(/l/AXH^-/V (ME) &ffl^T, 2«SfSK ct D Hffilg-gr* U =f 5? * b** H& 
j&aK:B8l*-Brft. fiilii 2> ¥ * M ^ 3 ft » 1 & & £ tf it ft iJ % © tu K , # y =f ? * 
l/^^Ktfit^/tt?*, ti *P B# Pi , ME ( 1 2 m M ) » B b fc . + /fi?£r^£^ 
»«(cBB»1-*S«©3l**fflV-«T, + / tt ? & £ © * < © * y d ' 5? * b * * F » 
ffl 2 ft « * »J5£ f S C fc . T* * § o M E K Si ffl « ft ft * y =* 5? * b * * F CD * tt 

, ® i om?$<Dmm%T*m±Ltc (029) # , s^4*y=r?*i/*f-K©« 
j* * * b 1 1^ * . aiisjsaiM-e^ 1 ?, c ft a , Fi^MEoiaa 

MiD7^tX^7n7^L#*^fc6TS5J:f ^.^5 ( B i e b u y c k P> , Lan 
gmu i r, S9I, 1 7 6 6 <"< - ^ ( 1 9 9 3 $) ) 0 
[0319] 

4t/S?J:07;H*?*-;H)l» 1 2me r*y:J7*b**-K ( S 1 2 F ) 

t'JJ??KfFII«lffllB, 3 4 ± 1 p m o 1 / c m 2 ( U & © 1 0 ® © ffl gij $J 

giOTS) TS^ft. Ill 5. 7 + 1. 2 n mOtt? ©»^» tntt, Att? 1 ffiiS 
fc D 1 5 9f*-;Fg^ 1 2 m e r SI (C ffl S T 5 . /Wf StSStt^f *KS4 

St©©, ffia^iMit^ftft*ffiffiasaa, n& § + / 8?e-&*k:«i iti« lt 

[ 0 3 2 0 ] 

*ft»K, ^wflifr featueaaiw* y =* 5? * b^f- F*««-r m *m 

1Ba7*-*i:»fil©1«**f»*ci:*BWk , r*« t aft*S«*ffl^ft*»i:Jt«bfeo 
cn&o*«Ttt, ^»ntc^b, nyitiSSft^t/s? c±E#W) k^«©^t 

Ud-?^b*^F{it(P*3<ttfMEB^#IB^aSbfto^»BI©^y^5 ? ^b4-^Fl^^ 
iSf Pi ft «£ , it/if C«LTlSLfttOJ:I6Tl«LT^S 0 C ft tt , -C ft & © 
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1 8±3pmo 1/cm 2 ) # , gE£ffi£Sftfc;i-y:2;**U*^K»ll±©*«ffi«© 
lEHrt («SUb$3: fcSlSffiy 5Xt y«p,l^^ S ( S P R S ) £ ffl^T»J£ 2 ftfc#tt 
g ± © 2 5*1*^?^*^ HKHlTttl Opmo 1/cm 2 (S t e e 1 5 , A 
nal. Chem. , |70l, 4670-4677^-^(1 998^) ) CS$h« 

[ 0 3 2 1 ] 

Hffi^ 1 2me r^yd , 7^U*^-F^«^fcy-/li?^©fflffiW^^)'fi«feBllSiffi^ 
n/ct'Jd^^fF (1 2 ' F ) ) <D^4 7V ?4V-~>3y<Dffim*, ± 3 © £ 5 

e sy s t fe o n m k wt w t s t . si2F«»^/e?*, i 2 f ' t3 ^moistvn 

-{/'J^'ft'-v'ayM (0. 3M PBS, pH7) TT*2 4B#H»gb, ^ K , W. 

tfctf&g-pfcofco CftB, SpHiS (NaOH, pHl 1) tTrllDNA^E 
tt£ #Tfr & m>bKfr\f% C t £ ct 19 jiff Lfco 94 X Ltc 1 2 ' F tt, ttfj- 1 

. 3 ± 0 . 2 p m o 1 / c m 2 (15. 7 n m8? Sft D»6O0-*i ; lfi^SftD 
©r#jB©¥J5»H^ Mfcbfe/W 7'J 94 X? ftfc*ifi*««SH (p m o 1/cm 2 
) C, T E Mfc cfc -a T$J5£ Lfcttfi#*Pfr f>**6 S> tl5 &ifi * S C fc C <t 

& g m b fc o ) tILfco ##Stt!ft»©gK*iJ|iJ£*-*fc*i>Ks S 1 2 F {f gfi £ t / S 

? * , o. 3M pBstft, ^ )t « a ^ It b /c IMI M W * 1 2 ^ » * y 7 ^ ^- 
F (12F' ) tHRbfco A&ft'JVT. (MT SS^/Stf**^ y 7) fc*ft»c« 

<SpH«ii«, y-y fi?±o3ffiawc»t bfc* y =f ? * k©»«sbb«^ o 

. 1 p m o 1/cm 2 T-fc 3 fcfcfr o fc. ttiKltSlpii'W 7'J 9 4^—^3 
y«S*Jt«"r*fe»K:, Ifiltt © 7? S * ffi ffl IT, s l 2Fl9ifII'NOA^7^/ 
■tf - f a y * ?I S L o /n -f 7 'J 2* € - *y a > 6 + 2 p m o 1 / c m 2 <D § fi fi , & t 
iiOg^Sl2 5me r tc ft L T $8 © $ ft T V^S n 4 7 V 9 4 V - V a V ( 2 - 6 p m 
ol/cm 2 ) (Steele, Anal. Chem. 70:4670-4677 (19 
9 8) i: - & b T V^c 0 
[ 0 3 2 2 ] 

t/lif ffl->XrA^oJ;tfiI«SJt^t§s l 2F/1 2 F ' ScaffiSIKl*i 

i}^4 7 v ?4 -e-is a ymz, g7Kg^t§o gfca*a«*«, >w 7 'J * << ^ - 

^7U^/X) . W Kt © if Sd T*li , +»t*ic^*«ftft* 'J =f ? * l/*^- K^iJ-^JBK 
ft L T , m 41 c ffi vwn -r 7 y $f -f - ^ a y ^ * ft t v> ft c ctiii, £ * © fit* to ffi * 

[ 0 3 2 3 ] 

l . mmmmmmt ^4 7° v ?4 v-is a yicftt v 3? ? i<*?- v x^-v-cob 
m_ 

S l 2 F * y * KOHIliClv^ t fc tt, 8? SSftOjS* 1 e>W*JT*& 

;vakgw© i 2 iMSMBE?y k obk 2 o d A^^-t-SMifJlAihft, *y nf? 

^ l/^f- F (3 2mer) %^fi)tLfcc o©XF^x 5? - * , WT<D200fiSCS^t 

»H©3i{*a5* t (DikK, fiftwtaifi^iBTf** c sitf, 2) isi 

. 5. 7 nmO*ti««oa?"PB;, fitfe^0^ffilCftbTliiS^2 Ome r^^-f-a 
-vHDiliEWI^hftl Zme tEJ"J (L e v 1 c ky 6, J. Am. Chem. S 
o c . 1 2 0 : 9 7 8 7 - 9 7 9 2 ( 1 9 9 8 ) ) B , g ffi C tt JS «§ tftttt & ft fc H C 1 
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2merfr6»ia«nfc7-f;I/ixeit^TJ:D*tftiS(***WrS7W , ;l/AKOft*< 
3 £ S 5 . 
[ 0 3 2 4 ] 

- * il S A 2 o 12FiicD*ffiffig (1 5 + 4 p m o 1 / c m * ) US 1 2F (34© + 
lpmol/cm 2 ) J: & feffiVtf , ^-C«I«»*fl!fflLT3 2me rTfMLfeft 

?tt, 1 2me r?*tlftS?iJt«l/T, fr4D OfiSttw pSLft. fS?n/:J; 

5 fc , S A z o 1 2 F / 1 2 F ' % © ;\ 4 7 V 9 4 V - i/ a V W) m J ( 6 . 6 + 0 . 2 p 

m o 1 / c m 2 , 4 4 % ) it , tc © S 1 2 F / 1 2 F ' $ © m -< 7 U ? f 1 - f 3 > % * 

O»l-0fifti|*Ufe ( a 7 ) D 
[ 0 3 2 5 ] 

m. * y j g » u £ £ h ft g b# © g gg g m a © a § 

tt-^/tt^fcH'SOKSETfeSt fctftUWLfc (*ffiW3#Bg) 0 «7j<+S 1 2FTMI 

fpbfc# + y aits;:, nfetfcintt^^ja* tiit&. 

fc©t#^.^n§o SA 20 12Ftf*^?*JB^T, *U:J7*l'**-F*iii»iinli:ft 
tfl-MlWKftff©***!!^^. H 8 ,fc 5 fc, 5' "\ * ;l/ * - ;l/ * J: tf 3 ' 7 
;l/jfrPfc>fy»#*£*5f-*-rt/|*f^y:i**l'#f-F%*«U ± IB © <k 9 C & + 
/ tt ? K » £ •£ > tyfi?±©Ln&0*V3?^l/4-f FClBIMffll^-tEOA 
HSIUft. US * « W T © ft 7 \c in £ n T ^ 3 o *cf©*yJ?^U*^Kt48WfM 

24»IHI«:tefeoT*31WJC*jiJa*i|*«*T(«l»ailtttl. OM NaCl) HH 
LfcfcOfcJt^SfcsttSfrfcffifrofcC?. 9 ± 0 . 2 p m o 1 / c m 2 ) (±!E#S$ 

) o 

[ 0 3 2 6 ] 

a g K « * § o » K , & i- S S ? tt * * , « , «E*iJdHl/*f K4H«*y7- 

TilJtlT^S (Herne6, J. Am. Chem. Soc. , Si 1 91, 891 
6-8920^ - S> ( 1 9 9 7 ?) ) . b U t'J 3? f F fclCStlftt/ 

K^ftffi i: ©JgSfPffl ?6EjS*T65t?a«n« (W e i t z 6, Surf. S 
c i . , m 1 5 8 # , 1 4 7 - 1 6 4 ^-'; ( 1 9 8 5 #) ) . llU7f ^CJJV^-, 

*yd7^l/*^KfciElcW*Lfe43iffifc©IBI03l**t»*(i*We3filRf5. £ tuc £ 
D , 'J:J?*U*?-Ftf-*-/tt : ?aEfc*e-&L, f tlE <i: o t * 'J ^ 1/ 

[ 0 3 2 7 ] 

N. &B««gBHK:ftfr3* y J 7 » l^*^ FX^--fr-E9U©Eg 

^^-^-oia^j^H©«t5fcAu^/a?±©*ydr?^u*^Fo««»iSHK»»-r 

§ * II ^ £ ft C s 3 ' 7 n If )]/ =}■ * - 71/ t 7 71/ * U-fe > II It 1 2 m e r E ?0 © M tC 
2 0 d AX^-t-$iff2 0 d TX^-t-tfSA^n/c7;l/*l/-t!^yf 13 2me 
r ffi * , ffl SI b . S3' T 20 1 2 F t S 3 ' A 20 1 2 F ? £ ftp b fc + / ? H t 

-(24+lpmol/cm z ) i: J± « L T , 20dTX^-t- (35 + 1 pmo 1/ 
cm 2 ) -eJ:&*#ft«ffl*MH#»J**tifci:i:T»fc*. A^7'J^^XLftSS$S 
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§|C/^nf-^ttST 2 0 1 2inert/fi? (79%) T? B S A 2 0 1 Zt/K 

? ( r ~ 9 4 % j iDffifr^ftff, A^^'j^^XLfciotaElLt^fco c n & © 

ftSM&s d T 'IS ft* U =f? * b*f- FSI#>\ d AiS&t 'J 3 ? ^ 1/^" f Hfii< N 
igaT?-?-yiK?Sffit^«fS«K:taS^ffl-rSilfc*^i«LT^5o 86 o : X , 2 0 d A X 

,20 d TX^-^-t^^y Mis &©*ffifr&g«K:J£tf*£i:tf"P*N ft « £ D 

[ 0 3 2 8 ] 

0 . |13 iff 95 3f g ft # fR * U d' ? 7 1^ * ^ F © I£ » 

3&*Wft;W 7'J ^-f-tf-S' 3 VKtin AT, *U rJ* * Ktf»*/'tt?0B'J0SE 10 

*»j»T«fe»K:, ^liiotfftif'Jd^^^^HtKK, ^ ;v * 7 F ^ * U" / - ^ 

©*5HB***Stt**IR»J7/]/*;l'*#->l'*ttffibfe (S t e e 1 & , Ana 1. C 
hem. 70:4670-4677 (1998) I H e r n e 6 , J • Am. Chem. 
S o c . 1 1 9 : 8 9 1 6 - 8 9 2 0 ( 1 9 9 7 ) ) „ Lfrb4tf6, ttK * ftT ^ft V> 

£^/fi?©@*©ffiv^£'ft&, ftfcsj#?©aftK:M:*:&iM8)*fflieb;feo 

®mz 0 d AE0J ( S A 2 o ) [@3?'J#^5 5] 14, A^7'J ?JV->sa yfcj&Sftft 
[ 0 3 2 9 ] 

a^OlSMEM ( S A z o 1 2 F) ttftftftj (S A 2 o ) m<o ft 

®m*m^r{$misfco % &nfcs?*- s a 2 0 1 2 Fgisa»iJS«fc!6tciiio 



S A 2 0 1 2 F affi^fiii, 11S»^SA 2 o 1 2 F M S A 2 „ Ott$ClUSi 

w ic tt An b & (130) o ztitt, i- / & ? k: ft w- & ft it s a 2 0 1 2 f t s a 2 0 © jt 

i(tIfISH§glt?tlWT^§ (Ba i J. Am. Chem. Soc. 11 

1:7155-7164 (1989) ! B a i n £ , J. Am. Chem. Soc. 11 
1 17164-7175 (1989), 
[ 0 3 3 1 ] 

ffi^©Hft£-9-:/7 0 ;Mc/W:/>; *>f X b fcfflffl W* i 2 f * U rfs * F©«t>, 
s a 2 o i 2F«ffi*«WH©*infcoftT*«Wfcilliqbfe (0 3 i ) „ c ©I8«ff a 

•> 3 yogge »J *J;tf{|PJ»T*tSci:*wT. c ft £ l 2 F ' © / W 7 V * W ■» - 
a y £ DffiV> S A z o 1 2 F ttflffiB-7H£ 5 ffl ft E ft & , * U 3 ? 7 b * ^ F K E 3x 

[ 0 3 3 2 ] 

p . MM 

afrfifffttt, *U rf? * b*^ H*WI?tf;t;87§S£lt?t5gai:^^^ fl ^ 
f ij <& © §1 ffi ft * © * U =f * * b * ^ K t © ^ •l' ^ U 9 4 "K - ^ a > © » » ifi T t § 

tSlT^i. *fttt, t'JJ?^*fF*, U d ? * b*f- FSffl««IBH* 

¥jS«*B8Rl«6fciM»'r3fc»fcfll*»»**ti»Lfe D bt^5 HE, 85 

stsaic^is^ns. ii ex*--*-) ©ga?y©tt«^\ 4t/»?c»««n so 
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fc * U =f 5t * U*?- K*o*C»»* ft H: * £ i: t * £ ft fc . c o W 3ft tt s 

[ 0 3 3 3 ] 
[8 7 ] 

fciSM«S I2FiSA 20 l 2F©*BOT»ll:l8J:tJ^W:/!>^<-^aV» 
JtVE. >HM»*!> =f^^ I^*^-Ktr3 MM*»**»b£fcH*»3*. 0. 1M Na 

C 1 T»iaLfc./^^y ^-g— ^3>«Mfctti-^T0 . 3M PBS, p H7fff ofc. 

(pmol/cmg) (pmoUcm 2 ) (%) ! 

S12F/12F 34 + 1 1 . 3 ± 0 . 2 - 4 % 

SA 2 ol2F/12F 15 + 4 6.6±0.2 -44% 

S12F/12F' 18 + 3 6 ± 2 -33% 



[ft 1 3 




^yTAG-GAC-TTA-CGC-O^JPlOOO^CHz^SH 5' =S12F 



[ft 2 ] 




[a s ] 
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T/P*^^^— ^ DNA ScESSt&ffl 


^ 'J y "tf — 










(Dmol/cm 2 ) 


(cmol/cm 2 ) 


r%) 


H2O 7 . 9 ± 0 . 2 






0.1M NaCl, lOmM 'J V$ 15 + 4 


6. 6±0. 2 


-44 


l.OM NaCl lOmM U V* 20 + 2 


6. 5±0. 2 


-3 3 



11 ± k * k i c m t § flr « -e # 5 tt (4 . it & ft c e r. o fc & © » * # & & ft t» fo 5 fc » t ft 



[* 9 ] 





















(omol/cm 2 ) 


brnol/cm 2 ) 


(%) 


S3'A 2 ol2F/3 , 12F 


24+1 


9 ±2 


— 3 8 


S3Tanl2F/3'12F' 


3 5+1 


12 + 1 


— 3 4 



S3'A 2 ol2F/S3 , T2ol2F=HS(CH 2 )3-3'-W2o-TAG-GAC-TTA-CGC-5 , -(CH2)6-F [fift 



##5 2] 

3'12F=5'-ATC-CTG-AAT-GCG-F [EW** 5 4 ] 
mmm l 9 : y 7°7 yt^ 

7 is j fro^«icK«itft^«TS*ittwr # uncase* /s? 

»?BlStfiBIKJ:»K ?*l/tf FR8^* 1 o£-r*«Wfr5flT#0* 
y :f * * U*^ * « K: SS ^ 3B JR tt Tf It HU -T S c t tfT* % So *&E, IS ( I ) 

Ot/17l»IlSKlo'< 5/ ?' + ;W^§?£ t 5 k , C O + / ? E?J tti £ © IS 

[ 0 3 3 4 ] 

m ¥ % # m » cd a e « & % * 0^ 5 & k l / c © tr £ * * « * e ^ » w * * © est a k ji v ^ 

Ston, EJ<JIiRWDNA«Ultt$tStf OlS«*att^S, tf>7D^V 

tl^^TV^o Cti6075»t'fO»attfe*Sfe, £#-&e?U& «fc tfflW'&Ejyfc^ 
^'^ XL/cS SlI^^Mtf ttfctt#TS. WTEKif 8i?K, If < < t C t£ 

NA£Dfc3^«fca*fc«^7n77>f;l'***Cfctf»JI*ftfc. +/$? 

r*«©BWiafitt> h-ebi* ft s»iHoa«)itasoi^± & 1 i*cfc»v^ en 

^2^0118*^ « (I) © + / e?*«a7cKS^< Si«'/^t;Hii6iDH« 
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[ 0 3 3 5 ] 

3fiE»fyF^7?7yt«5 (@3 2#i) fcfcV^T, 3 ft ft *« K ^ 7 'J ^ 4 X 

t w s © d n a ia n © # ft * * t to k > mmw3cia«oj:5ciiiiibfc*yd?^ 

7*^ Ktf#ILTV^4ty tt? (tgl 3 n m) % ffl It . ftS W ft si®* T* & , S« 

fc„ C©35rffi*ffl^T, ^5>f H©aiS±{*K: 1 aa©*U =T? ^ l/*^HfrSfcttrp|R 

it L fc 7. 5 4 K * ft IK t fc o 35? ^ T? , ffi i * V a ? ^ 1/ * f F f L T ^ S t / fi ? 
i'lf ( ■ fij a K IS SB 81 * ^ - X i: f § ) Ome r*y=f?^U*f-K«W*C 

n^csttB^A^7v?vx?tfc ( m 3 2 # m ) . Lft^ot, a a © * / e ? © 
sfticiot, # s © 3 o « a be m © it ffi & * s n fc . n w » e # is v> ( ^ 1 n m ) t % 

g ffl ± © /\ 4 7 V 9 4 X L fc ffi ffi £ © 7 H ? #\ afflfcWS^iry^felCLfe (133 
#88) o ««a£#ffivi§^ MtLT^5t/g?!i> ( M ft K Hi jt 4 §1 « M fc* 

* 7 !K ? © £ It It * 8 a t Z tc tb K % §g 7 * 7 £ t Kn + ^^EiaTHIfiElSL 
TX5'TK«15±fc«*ll*»ja-r5^^^;Ht«ffi*fflV''feo CCDfi&tes fill <b ¥ M 

f.tltl^ (Hacker, Colloidal Gold:Principles,M 
ethods, and Applications, M . A. HayatS(Acade 
mic Press, San Diego, 1 9 8 9 ?) , HI, SlOl;Zehb 
e 6> , Am. J. Pathol., Il 5 0 1, 15 5 3^- 7 ( 1 9 9 7 * ) ) , * 
OSlWDNAA^7 l J?*-f*-->3y7 7-b^K*»5ffiffl!iSST$5 ( T o m 1 i 
nsonP>, Anal. Biochem. , I 1 7 1 i, 2 ( 1 9 8 8 *)) 

o COStttt, ^7fe?7a-7©ffitoTffi^«ffi$WB«£fS¥ft¥£SX** :f 

ii-e-Mfbbjifc (033) /ctti?ft<> ssfefflioKfSits^ < gfiAY 7 y #v 

-tf - 7 a 7 © £ ft Rl mK ft o fc (8 3 4 ) . M S ft C fc tc a , II W © ^ ft T , $ fc tt # 
[ 0 3 3 6 ] 

*%ffi©*')d^i/tfFtffiftt/i?ostOA^7y^V¥-->3y# 
ft^ v ?t,icnyiftFiJ7;^ l Jd?^L'tf-K7 1/^ ( £ fc tt r a ? * y 7j ) © 
HRtt*Sgf § fc totffl C fc tfIR« nfc ( F o d o r , Science, Sg2 

7 # , 3 9 3^-7 (1 9 9 7 ¥ ) ) . ^ F 7 OIS 5 i?t 7 

7 m tt tC ft # f 5 o K^SCtKtt, Ctl & © /n 7 7 'J 2" 7 * - 7 3 7 fif tt tt , 5g S « 
Wtts tttoTJEIBft?aa(EH (-*IM»FWHM=1 6iC) fcfcfe^TSffiMUffl^e. 

t/n7 7 y 94 x Ltctf, m-i- 7 ^^niiiiwsa 5 k jaaicnii)? t fc 

FWHM=3°C) „ cm 6 © jgl ft IB © M K 7 n 7 r 7 ;V « , If, / W 7 'J ? -tr - 7 3 

>x b y 77x y^-wftK =t o t»i^§^§, 7^-x©ib?ij^i/t©x h y 77 

i^>-*aitSi:fl!?nft. « * »c\ II ffi W a ffl 7 D - 7 /n 7 7 'J ^' 7 X L fc II 
Wt, (03 5©*f«ti9TU*n5) BSISTOX b 'J >fi yz-ffiftHlc, 
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fmcioT, fti^fi^^ r*«g^gaTcs«ia»-rsffi 

||l»«*fllT?*SSSi-**OlB*iaa (T m ) £±#2 € § C K <fc 0 7 w««* 
[ 0 3 3 7 ] 

Xhf>y7^^ilJT'7n-7L, 38St«BUB**J * / ~e 4R M b fe. r 

Xh7Wfctf'J:3?*U**K«W«, ^l2nt^57nh3;V ( G u o 6 , N u c 
1. Acids Res. , |22#, ( 1 9 9 4 $) ; Genet i c 

Microsystems 417 Microarrayer^rfflV^Ts 375/xm 
T*»»«nfclta 1 7 5 /x m©X#-y h 7 W * * - Vft L fe ) KffioTttSLfe, 7 
IIW©8tetD4O£0Rlt^?^b^-5 1 F ( N ) ^nfni^fSt 5 4 OOl?* 
£ A, -p V fe ( El 3 2 # as ) „ A^7'J^^t*-->a IS W £ , 31 ft IS 1 

3 5t«DXh'Jy^iy>-iWI#*fiofto ftf, 2XPBS (0. 3M 
NaC 1, lOmM N a 2 H z P O , /N a 2 H P O , IIS, p H 7 ) *© 1 n M 

A (Grace Bio-Labs Cover Well PC20) ^T'A^f7'J? 
-fX«4, 3 5 °C T jf if ft 2 X P B S M « ffi T? ift 8 L fc . & T? , 2 x p B S 

^lOOpM *Ud7*U*^F«l!Bftft^>'tt : ?»*2 0jtl4:7U^i:*» ^?UT 
C 4 Bf H s Iff m & >\ 4 7 V 9 4 € - >y a > f- -v V * * T? ^ -f 7 U £V X * •£ ft c 7 b -Y * 
3 5T;T(Lli5 2XPB SfilifL, # ^ T* , 2XPBS (0. 3M N a N O 3 , 1 
0 mM N a H 2 P O < /N a 2 H P O 4 ttfftt* p H 7 ) T'2 @»Lfeo &l^T*, t 
/tt^WfcSmfiSS (^^'v^^/Hi, Si 1 v e r E n h a n c e e r 
S o 1 u t i o n) 5^M§ilL, zfc-Cife&bfc. 0, 7U^*?ttfr* 

D Hgfefl: b, 11 2 0 0 /im©jR?tt¥£SX*Y*£fcttftflST-2*£Jlfcll*cfctf 
f tft. 
[ 0 3 3 8 ] 

U>fjR?'\OaS?ttOiBV'»M>f7U^'f-i?-S/3y*WWK:^bfe (03 6 A ) „ 

«E?ijom«x >ts >y m*, ustttffc^Ttf&o*© avowry ^-tf-^a y^?^ 

o ¥ ft S X * -v ^ i r> T IB » £ tx fe ■ ft ? b - X - ;V tt tt , if * Si « M ^ 7 f F t 
H b T II ^ £ n ft t, CD t m B t* * o fc . 8fi©7f-> ( N = A ) iS T 5 BS ^ X # y 
Hi, ^iJd^l/t^HIWtf, 3 : l£jg*.5J£*-^ PI ^ -& II «t t) t> rg^llffittli 

?b-*y-;HI&, 7byy-* l Jf*itSS, A : T > G : T > C : T > T : T ( 
A 1 1 a w i 6 , Biochemistry, S36l, 10581^-^(1988$ 
) ) ©^HfiSttfctSS. G : T^W^^A : T fflMttfr 6 *»J T * ® tt W K: * L 

< ( S a i k i £ , Mutation Detection, Cotton?)te(Oxf 
ord University Press, Oxford, 1998$), S7|; S 
. I k u t a 6 , Nucl. Acids Res. , 1 1 5 1, 797^-^(1987 

$ ) ) , iinp>2a£D7b^* : ?©iisyas io©?*b;*^FiN*r£©tfttiiKfctt5'?- 

/lfIlOlSW45Til6%lWLT^§„ t/8?^-X7W©lKtt!i, %i<ft 
ffli^7U^OlKtti!)fl< (136B) , a«JtBB«Mtt8ffl©77*-yK«bT2 

[ 0 3 3 9 ] 

Mtf*r«fc*fr-3fe. 7y ^w-tf-s/ a > ^ ? >i/ * , 5 0fMSioffis'(Sft 
a , 2 o ft i © » « * s W f s m >f 7 y ^ -f -tf - *y a y f- y © « ^ u , ixio'l 
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©■WMfflSSftSSfflOCy 3/C 7 5B3ttffl*»7WK:Jt'ST*IWfc«£© 
lft±ft^bTV^*.«iB±Kil£^*nfc-?-/tt : f-«««^i*KMbT«**nftS«l 

x ^ „ 7 ^ c ^ b n § ts w $3 ± 7 p - 7 # '> ft < ft § t # * h n s o 

[ 0 3 4 0 ] 

n y tT ± h V 7>\>* 'Jd^ U*?- FTVWOJtfittt/tt? 1 
[ 0 3 4 1 ] 

HffiW 2 0 : t / 

A'f?!)^^XLftDNA'Jy*-*I^ri:bft3f7^X»*± / NOil»?I*4t>'a 
yy*-©#«ET, *U=T5t^l/*^KWffifk3ff7^3£«r{*ca«#«***. D N A © 
6K, :n6B*8tt, r§r&©?Sfi. p h, S «fc tf >T * > BfiftS» fc «*S^ *« D N A 

B!j»Wttl:k:»«*4**fiJIS©Wf«*Bi1IIK"r*o 

[ 0 3 4 2 ] 

glj © # « s ^frtbT, - H f SHffi ^ $£ ^ ? ( G i t t i n s , Adv. Mater. , 
SI IS, 7 3 7 ^-^( 1 9 9 9 *) ; B r u s t ^ , Langmuir,!ffl4#: 
5 4 2 5 ^-^ ( 1 9 9 8 $) I B r i g h t £ , Langmuir,fgl4#:569 
6-^-^ ( 1 9 9 8 $) ; G r a b a r , J . Am. Chem. Soc. , |1 1 8| 
: 1148^ — ^(1 996$) ; Freeman?), Science, ^ 2 6 7 # : 1 
629^—^(1995$) ; Schmidt, Angew. Chem. Int. Ed. 
Engel. , 8 3 9 1: 18 1^-^(2000$) iMarinakosS, Che 
m. Mater. , £ 1 0 # : 1214^-^( 1 9 9 8 $)) Sfttt»»?t»* (S 
t o r h o f f 6 , J. Am. Chem. S o c . , fg 1 2 0 # , 1 9 5 9 ^-^(19 
98$) ; Storhoff^, J. Cluster Sci. , 31 8 # : 17 9^- S> 
(1997$) ;Elghanian?,, Science, SI 2 7 7 # : 1078^ - S> 
(1997$) ; M i r k i n 5> , Nature S 3 8 2 t, 6 0 7 ^-^(1996 

$) ) bT¥ffi«5fi^e»*ife<kt;^»-f /tt?tt^*»Jfl9"iffiK«teb»5fr* 
fEEbfco tyfifoiaiiSftt bT d n a*i^5 c tottrtWfcltaa* dnae 

b#5 c. tx*h% a ztb\c s ^-y d?^u*f F©nji$s^lttt%?'Jffltt, 

ft < »*^w«ifi*st^c}gfiKbWSo co^ffi^ affljjfftfr^t/if^-xi 

, m**D n \ i®nmmm&o*mtt&* *vyt*#&tQK**w fa* * 

[ 0 3 4 3 ] 

^■*'&(*0*ISSK:fflV'»6n*ltSl 3 nmO^'J ^ f F t iltft t / fi??'^ 
Hf|ifeJ;(l3lcEi©iMciSifto z. ft e> © + J tt ? fc tt , fnfnt/Sra^ 
itfbSiits, 5' -'N^->;Vf^-;i'- + t^^V3?^i^t^F 1 (5' - h 

S ( C H 2 ) 6 0 ( P 0 2 - ) 0 — CGCATTCAGGAT — 3' [E5"J## 50] t 
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3 ' -^aAyf^-;V-*r^*'Jd?n*fF2 (3' -hs (ch 2 ) 3 o 

(P0 2 -) O-ATGCTCAACTCT-5' [ffi^Jg^t 5 9 ] LTVfc (B 

3 7 #BR) o gflBWI 1 0 &CK«©£ 3 K, fl^XlX?^ Ft 1 2me r*'JJ?*V* 
f- F 2 T?W«MfcUfc. ^/tt?S«SSf6f5fc»K, ftT , 2 4 m e r U y * - 3 

(5' - T A C G A G T T G A G A A T C C T G A A T G C G - 3 ' [E^Jtf 6 0] ) 

© i o n m m n \c m m l > s s t k 4 n# mi m -r 7 v 9 4 x s * fc c 0 3 1 # m ) . s & ft 

*»M»«:««*tf»5i?t, Slt/8fl*WI?^5ftfetiiaTK:4ieiiSI, 
8?a<D2nMi»tM'f7'J?^X^ft t m 8 K S * « ffi * 'J > * ~ 3 t ? / ft ? b 

3-fett#ffiti«*y * b*^ FO#ftTT'li< «ffi-\cD^-y ft?©/N^ 7U ^ -tf- 

■BrSfttt : +ttp H, (> 0. 0 5M N a C 1 ) fc £ tf-*»»*ilfi C 

T m ) tTS^SITKO^^IIpft^Ii^tifc. 
[ 0 3 4 4 ] 

M7')^XLft*t/'871li, S « * ck 0 Rg H 6 t L » 10ltfA^'J?«L 

/W7'J $f>f ■tf-5'3 y(D€-*-Ktt, iSCliiU V - pJ*1 ^ffi^ffl^fc (0 3 8 
A) o Slit/Sfi©l«aci2l^ c ©Jitf* &ft*«o»«*lE3fr S t k fc* 

UlAS.ta5T, SiS^'W 7 'J {''f XLftt/t^ffift^fe^ £: tt; L T 5 ( H 

38B) 0 cnas i ios^t afgv^/ft? titgt 2 ■©■*^tttHtf^^ 

4SlSStSil0 1^ (S3 9 A ) 43 £ 02O (H39B) O7-/ft?St0SWttttl 
jtSSim^EW* (FE-SEM) IMf K £ o T £ f# £ n 3 0 7 7 X* 

iitiiis it/Sf (G r a b a r ^, J. Am. Chem. S 

oc.,S1181, 114 B^-S* ( 1 9 9 6 *)) fcitfaHWffla (Q u i n t e 
n P>, Surf. S c i . , £ 1 7 2 # , 557-*-^ (1 996*) ! Y a n g 6 , J 
Chem. Phys. , Sl03|: 8 6 9 ^- 5> (1 995*)) t-gtS. L 
$/7bO**Stt, A ma ,> 5 7 0 ni^St, *U=T?*U**-l*fca*SL;fe& 

ft? tfgtS I" 5 h % C i: * W. t t T l>5 „ ( S t o r h o f f & . J . Am. C h 

em. Soc. , II 201, 19 5 9^-^(1998*) ;Storhoff£, J 
. Cluster Sci. , S§ 8 # , 179^-^.(1 997*) ; E 1 g h a n i a 
n 6. Science, fg277#, 1 078^-^(1 997 *) ; M i r k i n S , 
Nature, ^ 3 8 2 1, 6 0 7 ^-*; ( 1 9 9 6 ¥) ) . Ilbft4t/8?0*B 
^5X*yf7Mi, ft ? H TSM K * * < t « C k tfi m 6 K S ft ft ( Q u i n t e 
n 6 . Surf. Sci., 8 1 7 2 # : 557^- ^(1986*) iStorhof 
f 6 , J. Am. Chem. Soc. , ffifl) . * 'J F 'J VA-Ki 

2 ft S * * ft IB PS ( C © * © « £ 8 . 2 n m ) K <fc r> X , #II7 P 7X^ FtSff 

[ 0 3 4 5 ] 

iStltlSESi L, HOT, £ !> a^iSS (5 3t) tc 
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JltfSfn t/S?(i, MfeOf 7XtI^SLT, »**K»Itbfe. ««»»«© p 
H*±T*tffeD (> 1 1 S fc tt < 3 ) , *»l8*ffiT«*feD (0. 0 1 M NaC 1 
*») LTfc, libftDNAtfA^^'^'fXtUtlCiDtytt^ftSlbft. 

nj m is / & ? « £ # ft ^ c k * * * fc ) - 

[ 0 3 4 6 ] 

TWc (139D-F) o »<^t d fcfctt, JS^eOiltyS^OSIB^ * 

«*ic*/tt?*asft^Eii;*y=f5<*i'**i s (0390 ©to* »>ft*fc«f* ( 

|3 9 D, -*SH»OFWHM=51C) * /Ts b fc . 5 C t /tt?«««^^ ^'J 

ft* /e?«S*3ft*^<*©»»*s»i:BI«K:«:5ST*jl«WC^»«*li b ft (B 
39E-F, -*|l8»OFWHM=31C) o ( G i t t i ns?>, Adv. Ma t er 

SI If: 7 3 7 ^-^ ( 1 9 9 9 ^) ; B r u s t 6 , Langmui r, |H 
1:5425^-^( 1 9 9 8 ?).) cn^Oiiii, flt 51 ft 3 Rk » ffl tt * f§ § ft & 
£ 30ttlOt/S?^lDNA©tiai$M*^^ST'fc§C fc&4SEbT^3. 

tn^o^iia? 6 ^ o^fcfcw§7 1 fi^w^{t^ii!«»tt^?>^^^^ ^^^^^^ 

[ 0 3 4 7 ] 

m m m 2 i : £± / ia?»^tt©mfcwtt« 

SBSIlOlOfftS. ( K e 1 1 e y 6 , Science, H283#:375-381 
^->> ( 1 9 9 9 ?) I T u r r o 6, J B I C, » 3 1.: 2 0 1 - 2 0 9 ( 1 9 

98?) ;LewisP>, JBIC, I3§: 21 5 - 2 2 1 ^ - (1998 ?) I R 
a t n e r . M. , Nature, % 3 9 7 # 4 8 0 - 4 8 1 ^ - V ( 1 9 9 9 ? ) I 

0 k a h a t a 6, J. Am. Chem. Soc. , g 1 2 0#. 6165-6166^ 
->>' (1 998?) ) o DNAtt»*«fc«?*»tt*'£f3*fc±3&'*'**> 0 *» v '*#V 

fc £ * ft 15 2l 5 ft T t fc (Terr i 1 16, J. Am. Chem. Soc. , g 

1 1 7 # . 1 2537-1 2 5 4 8 - 5> (1995?) ; B r u s t 6 , Adv. Ma 
t e r . ', £ 7 # , 795-797^-^(1995?) I B e t h e 1 1 5, J. El 
e c t r o a n a 1 . C h e m . , Sg 4 0 9 # : 1 3 7 - 1 4 3 « - S> ( 1 9 9 6 ? ) I 
Musick^, Chem. Mater. , 3f 9 # : 1499-1501 (199 
7?) iBrusta, Langmuir,g!14#, 5425-5429*- 5> (19 
98?) ;Collier&, Science, S 2 7 7 # : 1 9 7 8 - 1 9 8 H-i? 

(1 9 9 7?) ) o SSfrK, £<©?;l/-7#*/!K?*-#7Gfe<ktf-#7G*g81K 
H|-&S-e3#T££«?? b> o ft«3I©*?*f1£*tlS4bTtfc. bfrb, DNAi 

a^^^fc^/S?^-^«^©«^Wtt®lco^Tii^SWtc{5jt»oTV>ftv^ 

[ 0 3 4 9 ] 

lis 24-7 2?^ KffiHfcfefc5#y * HttflUfiflifi 

icfeflb6f, UT*ttf S. *WM#fcl2«SftT^a«£tt, D N A II 5 K 
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Slt?MM4 (FE — SEM) s r^PhP^XHM . sy 

chrotron small angle x-ray s c a t t e r ! n g ; * 

^Jd ? n^Fl (3' SH (CH 2 ) 2 0 (P0 2 ) O-ATGCTCAAC 
TCT5' [E*J#*5 9] )**tf2(5'SH(CH 2 ) B 0 ( P O , ) 0 CG 
CATTCAGGAT3' [K«^5 0] ) TM**Ufc. 2 4, H S J J« 

O D N Iff 3 C 5 ' T A C G A G T T G A G A A T C C T G A A T G C G 3 [EM** 
5' TACGAGTTGAGACCGTTAAGACGAGGCAATC 

ATf PAATCCTG AATGCG3' [ BE »j * * 6 1 ] ) , * * » 5 ( 5 TAC 
; TAAGACGAGGCAATCATGCATATAT 

CAACATCCTGA.ATGCG3' [E*J*# 6 2]) 

5 «»• CS' -CAATTCTGCTCCUTAG 

--;™:cU?^Ia ( a T ?c^ ; 

DNAUitfNaC 1 £ E£ £ L fc c, 

^««« C. 0- • ~» 0- " V*) ^UT. U, WMCH, C 



x y 



Jt***^**^ (US 2 5**tf 6 0 ,im) »6**Lfc. 
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1 0" 3 ~ 1 0" 2 Ml/ ) T fc ft W U fiSOF5'f^ , J , >A*XTElfi*****4 

# 6 mi * * so s b . m z. *> m % % m ? * * * Sf i» -r * fe * t * kjb**:^***^ 

Plf£bfc 0 Digits 1 0 0 n A«Tt*it, fifc^tt fc fc 5 E * «* 2 0 V K *J 

PSLfc, m^t c tea, 3it^Touy*-fr&»a?nft*i#oit*i4, s 

MTE 1 0" 5 ~ 1 0 _ 4 S/cmOllT«D, Cft5©»lfettti:, S«L/ifigtt# 

tf y ^ ®J(C IK T § (Barwinski, Thin Sol id Fi 1ms, Hi 
28#: ! _ 9 ^ _ ^ (i gas*) ) . 7 ;V * V i> * * - * ft t T a*S S ft fc & -J" 

B*|Jfil4Sftl©SStt#tt**bfe (Brust^, Adv. Mater. , H 
7 1:7 9 5 - 7 9 7 ^-^( 1 9 9 5 ?) iBethel 16. J - Electroa 
nal. Chem. , S 4 0 9 #: 1 3 7 - 1 4 3 ^ - 5? ( 1 9 9 6 * ) ) . * ffl * W © 
ffitt{tx*;l/*-(i, SSS (l) 
[ 0 3 5 4 ] 

o = o 0 exp[-E n /kT]] (1) 

fcffi^S 1 no»l/TC^ayhfr5»5CJ:iiTJ*5. 3 "3 © « S fit & It * b It ¥ 
^igtt{feX*;I/*-tt, *ft€ft 2 4 s 48*itf7 2me r>JyA-£llT, 7. 4 
±0. 2meV, 7. 5+0. 3meV, 7. 6+0. 4 m e V T' o 7c „ JIft5©atW 
(Cii v 5 0° K 6 1 50° K $ T? © « « * % ffl ^ fc o 
[ 0 3 5 5 ] 

x s m®*m^r. ^mLrcTimmmwcou^mfsm^m^Lrc. saxssis, Ad 

vanced Proton Source, Argonne National La 
boratoryCDDupont-Northwestern-Dow Col labo 
rative Access Te am (DND-CAT) S e c t o r 
D NAlSIlftfiitfDN AtffPna^ F o . 3 5 * n y If -AO 1 . 

5 4 AK»«n?fi8»U «att»«*C C DttfflffiT-HHKLfc. ZDf-f SSIfitT 
3 b, »a^* s = 2s i n (8) / A (llT, 26 attftgu X liXtttttt 

H©M) OMR, I (s) fc&Slbfc'. f<TOf->t'W^7'!'yF»a6J:tf 
K8RJRK*tbT*IIELfc. 3it^TOll*ll^il?tU> tt?WliBH«Stt 
(jn, 1 tf - ^ fi g , ft € ft , 2 4me r , 4 8me r *5 <fc t>* 7 2me r IISMIft© 
0 0 6 3 n m ~ 1 , 0. 0 4 8 n m ~ 1 , *5 ± tf 0 . 037nm- 1 ©sffifr?>0. 0 
8 7 n m" 1 © s « ^ * f < £ ft b fe „ C ft tt , fcs ftf*^«»t§f^ 

y b i=?iB?BfBlffltf£gfcM'>bfci: i: , J; tf * © £ -5 ft B fft « £K W « U v*- 
g £ ft M H % If & 5 # > * « + 7? © fit ? H Pi ft 'J > * - * K * * < « * b T v ' fc c fc * * 
UT^«. ilfttCfcoT, Kfi^U-y h 0»****K:fctf « 3 « ® g ft * £ K: IB b T {»! 

tta«©gttfcx*;i/*-#w»*ftfcfrtf#*. s&k. cnici^T, ft*, dna 

©«?Wtt©B^tttlRH«Klt*«»^#**^«*«nfe*»t.W6*»K:ft*. DNA 

. C ft tt , * © * 5 ft tt? S VMC t5a^*Lf:SEMf-n-ft5. 
[ 0 3 5 6 ] 

19 0° KZMZ.%t, rl^bfcD N Ajl^M5H©««^«^^icmftffiT¥i)%/TNb/t 
t / <TCKRC^^T> ii$Bfil 9 0' KfliEfiTbte*^ ± * 2 5 0 ° K 
£ T? « ~F b IK . *:fr5Sfii*Uc. C ©*«)^l¥fflic US I" S fcfcfc, ISfi^^JI 

bftiP, inlftb&tf &***£»J£bfc. fcfctt, mnm<Di&Ttt, iB«tf«i 

^^l«OK:feSi:*k:o*iEiiofco D N A fi fl;J<tt t» fe 5 s MBiftKC^^'b 

i^ fto g££ l %fr 5 1 0%£Jg*S#Si:s ffiffiff 1 0 ElM^bfc «h«MJ£nu 
K ■ t*8**£ ( l o - 6 Ml/) T K 4 8 B#p^«^ bfe * Ktts »WftftfiTS«*1irc 
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0#1iffcftaffiT*.fctf*©ft0ill*l4, & ? H W H * (*»tfiBE*£T?) - B# 69 fc « 
<ktfD N A©|S6£KIt5 fc^WUfc. tcDfSlt-abT, 0 
. 3M P b s«IiST?ia&tftS)ftiBi#tl8t S S A x siifili, ftf HMiO 2 
00%OS^ ( ~ 2 n m ) * tS b fc . 
[ 0 3 5 7 ] 

e * ffl i> ft «\ t;sf^-xiifi*, * n m it t fc d , *n6©**«i3ftsfctt««w 

H&TcBlBWa^tttfcfcU JBE'J h^77^/^-y(t« (P i n e r & , S c 
ience, S 2 8 3 |: 66 1-663 (1 999^)) Cfe^5«^W^Kl*Bf^EL 
iUTSi^ *ft&®««W»l&1*tt*iEWfc«aTS c fctf»»fc&HT*fc*. £ 

2 1C, C ft Officii, frfc D fi^U VA-F^PI (8-2 4 nm) £bbT, 
ttOit^tfDNA'jyi-JUcliiKWtiHUIS-PftSCfcSiLTV^. C ft tt s t 
ft&©SH*fcfc^T. ?k £ B£ £ L fc D , S % ft S £ ^ fc D L fc *S ^ fc £ £ ^ * S ft i> 

ffi^n, iiftrt©6f^fist^o m 3 fc, DNAfiit;g?*ft5iifta*i 

S?tSfiD N A t<D.ffl©EJiJ«Fa»IS^**««lHlB©BB»4BJ:tf»«*Oil*ft«* ( 
SEC * D N AltKffljifc felt § c ft ?>©«5f4©*ll!ffl& 

slti^ ( # ir © * m m # as ) . 

[ 0 3 5 8 ] 

4tl*l^ft*HimSfl , B3 eKHBTSSnT^S. G u o ?> , Nucleic 
Ac ids Res. , Iff 2 2 # , 5456-5465"* - 5> (1994^) © ft ffi fc ft 
■at, 20fD4liOM©3!f7X*I*, IIWDNA3 (5' TACGAGTTGAGA 
ATCCTGAATGCG [ SB ?0 # ^ 6 0 ] ) tffiSfift 1 Zm e r *'J d? *Vt^ F 
1 (3' N H 2 ( C H 2 ) ?0 ( P 0 2 ~ ) O-ATG-CTC-AAC-TCT [ E 5>J 
|§59] ) tMLft, * U =f K2 (5' SH ( C H 2 ) 6 0 ( P 0 2 - ) 

0 — CGC — ATT — CAG — GAT [ BE ?IJ # # 5 0 ] ) SffBU % % 91 1 £ tf 1 8 
fc IB « © cfc 5 fc 1 3 nmit;S?lC#f ^tt, t/8?a*t)SUft. 1WDN A 3 
tty8?a%f'UXC#llDLft 0 # 5 X ft ffi © ft tt tf y * ft fc £ to t3 , C ft it s 
fIWDNA-#t/6?*^WA^'7XaSitf6E^n/cLtSSLTl^o ?<!^1:\ 
f 'UX? 0 . 3M NaCK lOmM U * fc *» L , 4 0 °C T? 1 Pf H *P 

|LT, ^HlWtlnp LftD N ASiiL, JfcVP, 1 9 fc IB « © «t 9 ft SS St ft 

5 #IBS!LS Ufc 0 IgOttRU 6 7 k Q Tfco fc 0 
[ 0 3 5 9 ] 

j± © © fc 46 fc » n m m fc , * y =f ? * w * f- f i © ft t> & fc * u =f 7 * ^ # ^ k 4 * n a 

F 2 n U B3 W ( 5 ' N H 2 ( C H 2 ) B 0 ( P O 2 ~ ) O-CGC-ATT-CAG 

-gat [ia?os^5o] ) stLtii^ t/a?©ie^-*iB± , rs ± 5 eskd N A 

3 fc m £ t § t* fc 5 5 o * © fa © t* a ± ta © ± 5 fc t 7, h * m m t fc 0 « b t 

fcv;]/^*-#-©&W|®jKT*fc£40Maj;Dia*^fco 

[ 0 3 6 0 ] 

COlKti, iiWIWDNA«0*«lf , /W70250tIllllli:t/'fi?*^#t»« 
U 0 ES , * / e ? © ^ -Y 7 V 9 4 € - >y a > fc i tf * © ft © SI St fe fc <fc o T £ fig L !# 
5LtSSLn^ 0 Lfci'oT, ffl ffl W D N A £ tf IMS II W D N A tt , « « * * $J M 
t % c t fc i t) HSU L !f S c d © » S tt , i © S fc * «K* H WP K: f- * I- L fl * T 
Wfe OtiSffl^felfi7 U>f (fy^) fcfc3Sffl«5B*J£tf#5o 
[ 0 3 6 1 ] 
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j M m 2 3 : M £^ 2 X 7 ± K'jy^-^ffl^fc^'JJ?»U^^K«ffl^t/a?g>»8 

£ ©SffiflljT'fcU W«tfffl*T*, £<Wffl?', MAyi-'N + ^'jyA-tttlUI 

=f5«*UJi-?-K# l K{**4*.5 % X r P F X ;!/ 7 ^ F 1 a (04 2) tl^<#SE 

1, 2- i ;f7^-4, 5 - y*-;K!)lXf;HI#liitIlT*»»?i«flt * 
CitfiJlBnTV^ftft (Nuzzo6, J. Am. Chem. Soc. 105, 448 
1-44 83) , 31 S V s X ;)/ 7 ^ F £ , 7y*-rL--yh©SJSgMitLTl*RL/c D ft 
a*;7A/7-f HI4, H35i©Stlli8 ; f*^'bTiti:5eaiiBKlS^L (Ulman, A. » 
MRS Bu 1 1 e t i n N 6^46-5 1) , ft±bft£j£tt**b#S*U-M*|jl 

-;l/T?a&!3» *t&i$7j<tt3tffi£«;lftBili4*i: LT, & © S ffi ^ © zkiSttft? © S 3fi* 
M'TfcOlcafi'DiSJHftStiSfcfcN H?7yFPXf ny^IKLft (Re t s 1 

n g e r £> , J. Am. Chem. Soc. 1 15, 7535-7536 — Biocon 

jugate Chem. 9 , 8 2 6 - 8 3 0 ), 

[ 0 3 6 2 ] 

flcOBfffcEffiJBLT^fca-'J :f5t*U*f-F-&:/n-:/*, ?J< 14 81 IB ft * T- * « ;!/ * 

■/ b s/;i/S* 5 * y =f ? ^ u * k *it ^ y « ? t ss s * «i t c ± o t ma 

L ft c !7D-7ii, » < IS if t * T* > 1 0 0 °C £ T* bU Ml b ft ft ^ 5 °C T» 3 * N ft # b ft 

ft-esAAjfficaffi-rscfcw^^ofc. LfrL4*i&, 

tfJbfto c©*?|RB, t7S?7D-7tf\ ^*-;l/£^£??g7& (W*. tf 
SOSSftifJkLTy^*Xl/^h-/l' (DTT) *ttfP C Ril) *T'{6ffl?n?l 

[ 0 3 6 3 ] 

( a ) -ass 

NMRX^Wl/£, SltLTCDC 1 3 , ft SB (H) if tLTTMS, SB ( 3 1 
P) B?HTH 3 P0 4 *ffiffilT, 500MHz ( 1 -H)fc«ttf400MHz ( 3 1 
P ; 1 6 1 . 9 MH z ©SM#) V a r i a nd^ftKJ: DMbfto ftf->7>tt 5 a - 
>y MSf-^Qu a t t r o I I H M W ffi ? K « # *T 1+ K <fe 5 ?# ft » 

llt'J^Jl/itfF^St, i'J-^>Exped i t e DNADNApISit 
ff o ft o S © ft tff « , 0 n e i d a ffl 35 - 12 7 (C <t o T ff t> *X ft . 
[ 0 3 6 4 ] 

( b ) xfnn'-^;b7>fFv-^;V (J a ) © j jj 
^«7*-ittB43K»Sh8. lUTyKoXfoy (0. 5 g ) , 1, 2 - 5> 7 
y-4, 5 ~7 — ft> (0. 2 8g) feitfp - F;Vxyx;l/*ySS (l 5mg) F;Vx 
y ( 3 0 m L) lC»ft»Ufe»«*, AH 7k* ft TT* 7 BfP^Mbft (Dean Stark 
SB) h;l/xy^, affiTfiSls »fitt*ft»xf-;l/k:*l?bfe. c©?§ 

m*7k-vm^, iSSSStF'JfAT'Kil, ^ n y ^feOHSttltttil b ftc cn*^* 
y/x-r 71/ fifi@ft (4 0 0mg) tLTlt^i 1 a tffl&nfc 

„ Rfi ( t l c s j/y*^i/-F, mmmthx^-f-^) ao. 5-?-$,^fto 

b T , IUlftTT*Oilf7>FnXfoyj3ilf01, 2-5>7 t 7V-4, 5 - 5> * - 
/l/OR f fflftlO, 4 <£ tf 0 . 3T'$5. ^y^y/x-rii'A^cBiSili: 

cfcO, fi ^ ( fit £ 1 10-1 1 2 °C ) ££bft„ 1 H NMR, 53. 6, (1H, 

C 3 OH) 3. 54-3. 39 ( 2 H, m ^f7y|O20CH) , 3. 2-3. 0 ( 
4H, m 2 C H 2 S ) , 2. 1-0. 7 (29H, m * r n W K © H ) ; M « X ^£ 
h;l/(ES + ) C 2 3 H 3 6 O 3 S 2 (M + H) (Cjltt5fHi 4 2 5. 2 1 7 9 ,1 
ffi ffl 4 2 5 . 2 1 5 1 ( C 2 3 H 3 7 0 3 S 2 ) ^ *T It % B 1 5 . 1 2 , H $J ffl 1 5 
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. 2 6 o 
[ 0 3 6 5 ] 

( c ) 7>tuJ \i-VX)V7 4 H»»-;V»X»P75jf>f hStft (lb) <DMW. 
ft^l 1 a (lOOmg) STHF (3mL).t»»U, F 7 -f 7 -f X 7 /I/ 3 - ;l/ £ "p ft 
£P b fe „ N , N — ^' -Y 7 7° n b° ;b x ^ ;l/ 7 5 > (80(iL) * J: tf 0 - 7 / x ^ ^ 7 o 
ns?-fy^ni;;l/*x*;I/75^>rh (8 0 (i L) « « 81 L T to * It a ^ © & , S □ to * 
§ ig S T- ig 46 s 2 B# H ft # b , Itlxf ;1/ ( 1 0 0 m L) k fi € , 5%NaHCO a *» 
STtl\ USlEt h U -7 fLl*'5S7ittLft. 9I»*i'M«)i'* 

Do^y«frL, + ot^it^St, 1 oo 

mg*4)SLft, ; 31 P NMR 146. 0 2 0 
[ 0 3 6 6 ] 

( d ) 5' tftt* U J 7 7 b*fr F-t/l?^SftOii 

ItCi'JylftlSTMt^il b (0 4 2) fcffiffl UfeWflfctt, ffi*C*X*n75 
7'^ Mfc¥«fl§*teE LT 5 ' ft IIP* 'J 3? 7 b*?- FIc lfiitfl c2*CPGj» 
f*±fc«36Lfc. IINH, O H 1 6 Bf P=§, 5 5 tfiJlI t S C t t J; 0 $ 

SftfrB^Lfe. *'JJ3!^l/*f-K*> Hewlett Packard ODS H 
ypersil*7A(4. 6 x 2 0 0 n m , 5 Si^ftD i o n e x DX 

5 0 0 ->XfiT% T E A AlIS ( p H 7 . 0) fcl%/#£jB3©9 5%CH 3 C N / 
5 % 0 . 03TEAA£lm L © HE* T?« Jl IT, iifiH P L Ct iDMlft. » 
*tt^f n^KloitiftUitt, <y 7°£ftfc«§#f*tf , ^ry^A^^n/ct'J J 

I c 1, <fc tf I I c2 (8 4 3 ) % , rfr fig O r 5 ' ^-ftfflMHj ( C 6 G 1 

en Research) £ „ M tu fc ft.BB * ft fe ± 5 ft ( S t o r h o f f , J . J . 5 
, J. Am. Chem. Soc. 120, 1 9 5 9 - 1 9 6 4 ) 

IKOfll^ffilLTlILfc. X ;!/ 7 -r F I I c 1 O'iiClLTfi, r f - * - ;V 

- ft C 6 S-SJ (Glen Research) ^ItOI'J yHttlfflL, * 
«©^7 h *i/ b 8 0 T?»*S#fco 

[ 0 3 6 7 ] 

# ft it # y =r 7 7 b * f- f * , assnft^*^r'\*5')i'St^ift*yd?n* 

f F©@£K«ffl*tlftSa (S t orh'of f 6 ( 1 9 9 8 ) J. Am. Chem. S 
oc. 120, 1 9 5 9 - 1 9 6 4 ) IC i D , - 1 3 n m04t / ttfKISft Lft, C 
ft 14 , (tl~l 3nm) * 5 6 H# M * ffi Sft ft S SIS ( H S 

- g it # M S S fc tt 31 S V s X ;!/ 7 F ) * It 5 * V d 7 7 b * 9 F £ # ts M « >& » W. 
CS»tTfr6, 0. lMSTONaCL^iilDL, 2 4l$IB»lIT5<:fc*SA,-e^;fc 

m K S S b , S tf 51 >b b , 0 . 1M N a C K l OmMy^lSEMbfe. COS 
[ 0 3 6 8 ] 

( e ) /w_2Jj g^L^nii-g y 

5> X ;!/ 7 * F-Xfo^ F7>A-*$Cft;g?-* l J3?^^tf F7"a-7(D-ft 
tt*ff«.-r*fc«>C, &*/ffi?±©«ffi*y:i?*b*?-F©@;£fc:«fc!K 7° n - 7 I 
c 1 , I c 2 , I 1 c 1 , 1 I c 2 , $5 <fc tf I 1 1 c 1 * ft « L fe o 4 it 5/ U - X* * © 
tVnv-iiiC?7l/*f FSa^J^WtS^, 5' ftSlYOiS^SSoT^§ 0 I 
c 1 t I c2liXfo^F-'>*X*70'5tai5lL; I I c 1, I I c 2ii^l/i)7 
F'N+v'/Vaai^tU I I I c itt#«5£^x;V7-rF$fc«Sa&W-r3o. ( d A ) z 
o ft 14 ^ -< 7 y 9 4 ■£ - v' 3 y * iE it t 2> fc J6 (0 , £ i: * U d 7 7 b * 9 F S H » ft t <D 

ig^t S„ ffi W ^- y df 7 7 b * f- F t (O -jr 7 ft ? 7° a - 7 *f © ^ 7' U 7" f -tf - i/ a y \$ 
3*SC^7F7-7©4St, *<J;tf?Sfr6tMfi'NOft08ftC^4i!)'5 (Muc i 
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c, R . C. J. Am. Chem. Soc. 120, 1 2 6 7 4 - 1 2 6 7 5 ). 

[ 0 3 6 9 ] 

^n-7C«'f7';^'f«-fay*, 7° D - 7 It ffl ffi « ft BE * S tr 7 9 m e rt'Jd 
5i*l/*^.K«W%fflV«Tll^fe. (B43) . fOEiSB, 0. 5 M © N a C 1 , 10 
m M V y|| ( p H 7 . 0)f, y.P-yjflcl, I c 2 , & <t tf I I c 1 , I I c 2 
, 43 i tf I I I c 1 , I I I c2©3n-fK»« (^t/t7/n-7lclbT50(iL 
43 ± 1 . 0A S 2 o a - y F- ) IC 1 )J LtOlWil ( 1 0 p m o 1 © I V ) £ *D A£ C 
he i D , S fi "T? ft o fe . 1 0 9 s 5 # , 43 <fc tf 1 0 ft g , 7 'J 3 - F- (3 )i L) * © 
D, C-i Ba«TLC^l/-HK7*»Hft. a^ftya-^WSf^TiaiUk:^ 
fflLft. t4t)^ lO»ia©fiJ&0X#vM4*<fc!> 

T) ; l o#H©KJS©*#v KiltRfeift 0 (t;Sf ©Kftoffl!) ; 5#M 
©SJSfi, h (IPS^t/6i?^^t/ll7«ig^^^ 

^ f ) „ * V df ? * u * H © a -f 7 'J 2" -Y -tf - 3 y K J: o T 51 A £ n § 7 7 14 ? © M 
licit §Ji(t5©liSt-aLT (S t o r h o f f , J. J. 6 , J. Am. Chem 
. Soc. 120, 1959-1964;Elghanian, Science, 277 
, 1078-1081 iMucic R. C. £ , J. Am. Chem. Soc. 120 
, 1 2 6 7 4- 1 2 6 7 5 IMl t che 1 1, G. P., J. Am. Chem. Soc 
. 1 2 1, 8 1 2 2 - 8 1 2 3 ), SfSH pJSWfc ^fc„ lM?:90t (t/ifi??'- 

w ni 7 d - 7 £ i@ iftt'S *t m nmz'te, r ^ t © & ft t t* e # * ^ o £ . 

[ 0 3 7 0 ] 

, fr4D0ffl'&T?«W*'J=f5t*U*f-Ki:££T*. £©#$!«, 7 n - 7 ^ , 7 7 
[ 0 3 7 1 ] 

( f ) 7 7 S ? 7 p - 7 ^ ^ ^ x W F- - ;V © 5 

list, weaiRW^ttsit*, Lfc* u * u^-^ K**r* 377 e?© 

'Ji?n*f F^lltS (Muc i c, R. C. (1999) Synthetic 
Programmable Nanoparticle Assembly Usin 
g DNA PhDH£, /-X^iX^y*?) o F-f;tf«s 

iS! T? »K fin ffi L T t , NaOH^ilUL »fti*»»t 5 t i: BT? t 
[ 0 3 7 2 ] 

SS, 43 <fc If # SI 3 S> * rt/ 7 w Kft^S£^T^SLfc7P-7£DTT£©Kf5£^ 
-^tJftfeCffflbft. luLOlM DTTSS*, 0. 5M N a C 1 4o 

£ tfl OmM'JVltt ( p H 7 . 0) ©1 0 0 (i LiDt/fif 'J 3^1/tfF7"a 
- 7 S ft ( 7 7 ft ? © 2 A 5 2 o =L-v F ) £ in * , * K , 3 |i LC7'J 3 

K , ^^T'F'N+^/P (I I c 1 £ I I c 2 ) fciN«S*UJ?^l/*^K^*BS (I 
I I c 1 ) ti*fe*yd?*U*f HCi*t8 3dYK^ti-7l4, a a ic £ B .L ft 
. * » fe © X # >y F- 2 0 # T* ft 6 ti , av>*fi©*#yh#5imrtK:f»&ttfc. l 0 
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I c 1 , Ic2) Sffl^TftBLft^n-^OfilSTtt, 4 0 #U fc » ft © « {fctf 

jnw^ft, i i c 1 , i i c 2 * ffl ^ t si l ft 7 a - 7 t- $ 5 n ft © t n u & t a 

tSEB 1 0 O#frfroft 0 I I I c 17B2 0 # o ft „ C ft |C V> T , #Kf&W 

3 & H: , x r n K 5> X ;l/ 7 -r F 7° a - 7 © D T T t © fi JS m ffi « , ffl © 7 a - 7 © K JS 
31 g © » 3 0 0 % © 1 T? & 5 HI iJ -T 5 , K 7 > A ~ 3 c & ft S t ft 

7 p - 7 fi , ^ ;l/ A 7 h *\ * 5/ ;l 7 y fs - & li L ft 7 a - 7 t S (£ m U & £ T* g JS f 
So £ ©ft#©*3JIUi, Jfia^X;^^ KO&fcOEfctfS - Sfi^©BB»KH4LT 
£ ^ §1 «1 £ # I* T ft &£ , M < £ t T a £ ( Z h o n g , C. J. Langmui 
r , 1 5 , 5 1 8 - 5 2 5 ) „ Vt s T , IMS S ft S £ * ffl A ft * U P 5? * u * ? F tt , * 
7 h'\*S/;l'-* U 3"? * F8§#f*©i§l^© <t 5 C, l oclSiSf in J; 

[ 0 3 7 3 ] 

D T T © # fe T T » m L ft ft £ s I c 1 33 i tf I c 2 6 ft IS L ft 7° a - 7 $ IB t ^ 

K# 6 tt, £ 1 ©Sift Jcffiffl t ft^ff Tt'^a - 7 ?!-&%© 2 o©+r > 7;l/£ D T T 
a L ft „ 30»«lt, l)»LC79merlW*'Jd?^tfFSl(10pmol) 

n^OX^HtK, *W*fc< JtJH©X#'y htti&frrafc. cft«, t/8?« 
!Sft^gSLt^5S'lt7S(, ;>< ;!/ A 7 F ^^->^^i)g^X;V7 K7yA-iK4 

^§Ci:%^IiEtft„ 
[ 0 3.7 4 ] 

mioi 



ggl. D T T Hit / y p - 7 OK^tC J: o Ti Cfcfe 



lcl + lc2 




2 o# 


5# 


4 0# 


1 0 0# 














IIcl+IIc2 






* 






IIIcl 


* 


#-# 









(g) fin 

14, M©* U d5J 7 btf KEJiJ**fflT«OCtS»ft^a-7k LTIIL, ft#© 

* >i> * 7° b *\ * 5/ ;i/ a s ft f± # a s v x ;i/ 7 ^ f ^ ^ -y h * ffl ^ t ^ m * n ft « « r § « 

S I* <t o t , y 9 * X U 4 F - ;l/ © U § K 7v * a ft 5£ tt * * t o 7 1 4" - /V * ffi tt t 
*f t § « v> ft ffi tt , '>ft<kfe-«T?tt, 20©BSjj|J!S?fCJ;oT#*'J^?^V*^ 

[ 0 3 7 5 ] 

2 4 : j ffi ^ 1 S>' X ;!/ 7 4 F 'J y A - j| ffi j L ft ^ U J g » k j £ if jj j ± 7 
8?QM8 

C © S M m Tf H , * P % # & tt # X r P -T F IS S S> X ;V 7 Y F V > A - t , CO'J>* 
-^P>*UP"?^U*^F-^7l4?7 p P-7^^ili3aL> Xf F1S7X;V7^ F 

ftTt'07n-7gStt*ffffiL/:. 7;^;^t-/l/77*-l I (114 4) [C. A 
. Mirkin?., Nature, 382, 607 (1996) ; S t o r h o f f 6 , 
J. Am. Chem. Soc. 120, 1 9 5 9 * (1 998) ] $ ft li X r P -f F W. S 
^ X ;l/ 7 f F 7 y A - a I I (14 4) [ R . L. Le t singer^, Biocon 
jugate Chemistry, 11, 289 ( 2 0 0 0 ) ] *ttfflLtit/fif 
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© 7' a - 7 © m « -ft a ^ m m s n t ^5 0 ^n-7HtxTno'is^x^7^ f u 

y*-4t6fflLTl«lfeftSftli, /;^/H^-;^->*f*7Wf-* (dt 
T ) oi5ft?*-*ft^*o#*ETftt«fr£J;!)SJILTV^4*'r7;l/*;l/f*-;I' 

y^4iIt80Efi)l«n*PCR8Ili, H*fiIt5fciit'>iODTT^t 

A,T*^3£&, c ©i$aiiasT*fe5. pcRa*c*«froias;i)i(iioi#, nic 

Mm* tltcD N A*ttM#-?KP CR»iifTliKK*ffA8J:5tC 4 DTTMDl^ 
[ 0 3 7 6 ] 

2O0(f|tfXrn^Fia7y*- (te'&tt K 04 2) * R £ fe •£ T V * . f ft 15 10 

, ( i ) m s v * ?v 7 * f (4«ffiT»m#*y=r7^u*f-K*«»-rs©c«ra«K:tt 

fflt § 2 o©*S£fflSffi*)BJliJWK:#*. 5 <: t tfT?* S) i: , ( 2 ) ttzkftfflHftffl E ± 9 
4lOH8**SS*t*C ttf pJi^Xfo^ Ka-y b (««*.« R. L. Let si 
ngerS, J. Am. Chem. Soc. 1 15, 7535 ( 1 9 9 3 ) #M) 7*5 

. jfnBos^oisttSfftttsfcftic, * m ft m m 6 a , xt d^ki^xcss^ 

Kft^ll I I c (0 4 4) Ki^TiS«nf£^«ft«:%illb> W^fco 
[ 0 3 7 7 ] 

h^yx-i, 2-v*f-7>-4, 5 - ^ ;* - ;u £ , b^xytfeT-feh-^fcialft-r 1 

£ C E £ 5 US L /Mfc^ft 2 a ->7yif*N, N - 5> - i - 7° n W*X*D7 

5 9 << MS S 2 b E £ K t fc o K IS H 2 b % ft ffi * V =T ? * U * f- F 2 c lfei(f2c 20 

2 ©£$©«*IIS-&Xt y T'Effiffl b/fco 1 o © & « ft ft 7° n - 7 £ s 2 c lfeitfft 

;n©2 d t# a d -r f js s « &l a -r 5 c t e * d 1® 11 u fc . 2 d & &mm±<D%;%RMt 

LrmmtZx, a y A'* > 7°U-7Z , 2 c 2iod;y , 2 d*^^f tftSLfc. £ n & 
ot/S?«S#li, lit, S8-itltCHJ}:gilT/SfttFV^Ai§iSO0. 
1, 0. 3, 0. 5, 0. 7MO«BT*gSLt^fc, 
[ 0 3 7 8 ] 

( a ) fb ft 2 a , 2b, 2 c 1, 2 c 2 © 11 

nmm 2 3 ehe$ Lfe * 9 t<k^» 2 a *mw ltc 0 2 aoiyyiftttyd?*i/* 

f F2 c 1 33 <fc tf 2 c 2 © £ $ * , H AS 0J 2 3 ^ ffi © ® P/f T* X r P >f F M i? X >V 7 >r F 
SI m W E BB L T ft £ & ^ Tc <fc 5 E ft o fc [ R . L . L e t s i n g e r 5 , B i o c o n 30 
jugate Chemi st ry, 1 1 , 289 (2000) , C©XK©Hlwl4 3lffl 
E £!?*©£** *Hl&&3;ftS] o CPGjiiliC^'Jd'T-lci I I b ffi £ T £ 
fcCBB'4-r«^ry^©R*Sl^B8tt, 1 0 # T* & o fc . 
[ 0 3 7 9 ] 

( b ) t - » u j 7 » u » ± f a % a © i « 

1. 7 (it/y/mKD^t'J K4t&(§i^S«tSftJ6t, « * ;H © * 

i;:J?*U:*-?-F2c 1 & £ U' 2 d t /c & 2 c 2 <£ Cf 2 d £ 1 3nm©&3P-YF ( ~ 
1 0 n M) fcftlAfc. ^ » iR * Bg ffi ? 2 4 BtPISSL, *©«, S S! £ *P * T , 
0. 3M NaCK lOmM 'Jy|I (pH7. 0), 0. 0 1 % 7 ^ it -f Y V t> A 
k48J;HLft. 2 4Rffl»K, NaC 1IS*0. 8 M E ig * L , »»ifc£&£2 4 40 

tt?****. ^V'yf*, t / a 77j<T-?7c)f b, Stfl-tb, 0 . 1 M NaCK 
lOmM U p"H 7 . 0), 0. 0 1 % 7 5? it i~ Y V 7 A lc S ^ ft L fc 0 

[ 0 3 8 0 ] 

( c ) ^/S?7°P-7ts>'^Xl^b--;b©5JS 
■ * © Sf Sflt 14 » 2 0 fi L©2 c U 2 c 2 *^i/c3n^ FWSftOf iig^Ht, 2 \i 
L©0. 1 M DTT^ilD^SctfCiD, Sfg (22 "C ) T? fj n tc 0 7'JP-h (3/x 
L ) * S 81 « E ft D , a >f p V m ± E X * <y b b It . IH, X*v HijSfrrjfe. D 

OX«7F^#i5g^fttfibft 0 DTTCJ:«lj|OBl*, fi^** 5 ^*f mil 50 
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T*»V>»Kfi*4*.*B*HII4: LTSffiLfe. 2 c Ifeitf2c2 fc ** "T S 
tt o « c © n# a 1 0 B# IS /* o o 
[ 0 3 8 1 ] 

|2, 04 2) ft J; X x n F i« S X ;l> 7 ^ F 7 > # - Ufc ^ » 1 , 04 2) ft j£ ffl 
IT, * 'J :f 5? * b * f- F IE 81 c 1 ft * tf c 2 (144) & IS H b fc . » R 6 © X # 7 
h*4^5IHtioT«SJn5, - ( 2 ft <£ tf 0 4 2 ) ft £ X r □ 

^FSS^X;V7^ HfrSWHbfcWttttOfiJSlSIIBH:, tfif ti5^t 5 3BIIT*o 

it. c n & © fa a , ^ ^ * 7 f 7 ;i/ * Jim m w , n x r n f sr s s> x 7 f « £ a x 

ggtt© 1 , -6 0, ~ 3 0 0 gltt, SR S 5> X ;1/ 7 -f F7yi)-a-7 F 

[ 0 3 8 2 ] 

^ ft 2 5 : *yJ?»U*^Fft»S&-?-/!R?'PWa 

c © ^ ss m -Q a , * m % w m & a > f-*-/i/-&w*«o#tE"FT©» 7 ;p * ^ 9 1 * - jv ts 

ck tf X r n -< F JS £ 5> X ;V 7 F <J > * - t J* 8 b fe , Dt b v # « a ^ X * 7 w P'Jf* 
- t* & § F y * - ;V © S £ tt * If « b it o it « © fc » K , ^^y^ + ->^7yij- 
Ufc^tt 5 , 8 4 5 ) $i(lXf n^K!S>>'X;V7^ F7>*~ ({fc£* 6 , 8 4 5 ) 

[ 0 3 8 3 ] 

( a ) 5 ' - hU * 7 F 7jL£ikjiy F©jjjtfeAtLM#jt 

fig b o Trembl e r*X*u7 5?VF7 (Gl en Research tt, - 

7#ix^- y y 9} (H4 5) fe±tff-*-;H>*fflic 6 s-s*x*n7;^^ 
Fft, c p G5£8f*£*3£snfc#ii*y :Jv-©5' «ci*«^Lft. sis»*cp 

G*^»SL, ±M©<t^tSfflSbfCc 3 0©DMTl?:Iifc h 'J ft-^t'J d 7 ^ 

i/ # f f 5 ffi n b# n tt , m 6 4 # ? & 5 . & ^ t , 5 ' - dmti*, 8 0 % m wt 
k 3 0 ft n * y 3 7 * u t f « $ jr b , foftiatiDa^Lft. * y =i ? * b * 

^FS 5 0 0|iLOtyi;a7*CSiS§Hft, « ft IE x ;V ( 3 x 3 0 0 (t L) T* 
tttHb/co S$©Mt£, *'J riS £ b*^ FftfifeBlfti: bTtianfcc DMTS* 5 * 
C © 5 ' - F 'J - X ;V 7 -r F * V =T 5? ^ b * ^ F © t8«f 8# ffl tt > 2I*7AT'83 5 

? ^ F 8 (145) il/nPX7"V-MS (ftitl 2 2 4 2. 85 

, $ ft! fit 1 2 2 4 4 . 1 ) K «fc D f§ c D N A §1 ± © 3 O © 5? X ;1/ 7 F S ft 5 ' t/f 
* - >b D N A L T ± » L fe ± 5 F U * * - ;l/ * fc 31 re U * © It , NAP-5*? 

[ 0 3 8 4 ] 

( b ) 5 ' - f 4- - ;!/ g ft tt >>' X ;V 7 4 FDNAttW&-j-/tt?©aBSi 
^ ^ # - if 3f ( * y 7 * ;!/ - 7 #1 Bur 1 ingame) i 5 »Xbft4Ct/8?4 
ffifflbfco 10mLO30nm43O'fFE, 5 O D O f * -;MllP D N A ^ ii)D L fc„ 
j§?«ft,«^^0. 3M NaC 1/1 OmM'JyltF'Jniil (pH7) (PB 
S) KLfco *<D&, t/fi?*a*tioTitB**ft. fiSfe©±ffift lt£ b * 
fe©?fi«)*^»ftl OraLOlLV^P B SlilCB^tLfc. C <D 7 U * X *Hk *) M? 
C t K J: D , 3 P F ft 1 0 m L © ff b P B S IS ffi ft ft ffl T 2 HI #t $ b fc 0 

[ 0 3 8 5 ] 

( c ) f ^-;v-dn Aift^f / 

glitODTTft, DTTlStfO. 0 1 7Mift5Sf, 8<r4ljg©fij-;VSftll^ 
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4 FDN AT'fiLfc3 0 nmtt/S?na-f F®6 0 Q fi Lgitlll^fco D 
TTtft'Jd?ntfH*l«t«tonT, 3nO'Ofett*i^fMtb5. UV 
/VI SX^^ b/l'S^iaoMRkLTH^fe. #»b;fe30nin£tt ; ?lcHa-r*~5 
2 8nmOR)IEIIi8'J'L«fc, 7 0 0 nm<D£iO/^K« , tttf»6ft. 7 0 0 n m © 
;^KIi3n^FOMl£IIlT^5. 8 4 8 tSSftS i5 1 oof t-Z^'J 
df 5? * b ^ f- F (1) T*iifLft3 0 nm^Oli?ii. 0. 0 1 7M DTTTfflSKS 
li^fsSL, 1. 5 iSH&fcttn Ktf < fcSo S'X/l'? -f K* U 32 * 

(4) TflHWbfe^ytt? *^ty»«tt, H-fctt"FT*H: z 0B#M«fc-1K ft*. 
h'J?*-^-*'Jd?*l/*?H (HSlft6) t?)jSj|lftt/8?'PI4> » Mi ^ * < 
ft § © t 4 o at n o ft „ 

[ 0 3 8 6 ] 

[ 0 ffl © IB * ft M M 1 

[0 1] iffiW*iJd?^l/*^Ki»>{itil,T^5t;8?«IB^2t5i:i:Ki5t/ 

tt?»ife(*©«fie*^-rieH. -f / s ? u > ta a « * y =r ? * u * * f © ^ w 7 y *f w -t? 

-'✓ayOfilHTliltttftlTa^lTV^, X tt, (-S ( C H 2 ) 3 OP (0 
) (O") - UilT', Sliit/6?K8^LT^5) ft if©) ffi St © # W 7 > * 
-Sit, 0 1 fc £ ff ft ft © V < o © 0 ffi T? 14 v ftfrDKtSftHit, & / S ? K 
|JJ)l-(?)*yd?^l/*f Kl^MtLT^ft^iit^SnT^Sff, H RE K tt s § * 

< o a> © * y a ? * b * f ft * t t s „ $ ft , ^ i ct tftM m m 

K « ^ X , £ ^ / 14 ? t * 'J zt 5? * p * ^ F £ © ffi n -9- -< X » IE 51 ft H R * T* it JB ft T 

SW^KWbTfflffl W*E5iJ*^bTV>5 0 *©*S£, :n60*'Jd^V*?HtfD 
5 o 

[03] B2ICw«ftT^63RO«iOI8B. Zo«t7fi?iO* 'Jd ? * b * * K & 
N as $ n T v> * t / & ? ± © * U d 7 £ b * F t it m ffi ft T* ft v> fg 3 # K ± o T # K 

? n r v s o dna, ^-/ia?fe < ttf7^7-*yd5t^b*^K*-&*3*5i:x t;& 

? tt , tanii'A^fe (n i eked) r * §1 ^ y d ? ^ b * ^ F 3 * £ $ L T ?S 

[14] IS* 'J 3 ^ 1/ * f F t o a ^ 7 'J - 3 yfeiiff^^^'J^'^t*- 
'/gyoBIfcLTO, * 'J dt? * b*^ Ktftt* LT V^S t / S?© >? JEW*** iST 
BSHo ii^ntv^lit 'J rf? * b*^ Ffis -f / fi^KHl Ltt>§* U dT? * b 

[ a 5 ] # y d ? * u # f- k # f* * b t * t y iia ? t / & ? £ * b t v § * y d 7 

i'l/tf KC*tLTi1lfiftE?J*f t8I8*'^?^l/*^ Kk*^*3*8Cklcj; 

[06 A] ^n?nS45*'Jd'?^b*f FAM^iLn^2 00li©#3n^ Ft 
, t; LT^5* y d5? * b*^ F fc*Bffll *Wt 

•J 3 ? ^ 1/ t f F t A -3 ft ^ a ^ 7 F ( 0 4 # fig ) o +a^7FA-IgDNA©Tni 

* m 7L s 8 0 °c ; x/n w 7 y ^ -y x (j»*tt) b ft o ft u Bg 

[06 B] *nfnaft5*'Jd?*U*^Kiti'#il/T^5Z'30lSO^an^ F t 
s tyi^tltiLT^5*Vd?^l/^f Fi:f@lfi4Wi*S*lt5Ii-*l* 
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UlilttttttlllL&frofc. ft » X fee 
[06 C ] tnftlS4 5*'Jd?i'l'*f K^WiSLTl/^ 20C1SO#30^ Ft 

'Ji^^fFttfA^fct^^ (14#I) o +a^7 hC-SiftSltlS 
h »iLfet/fi?li+a^y KDSKttRLft. $ « « fit S "P , ft IR «b 14 £ ^ * fro 
ft R ft o BSfeBC*il]JRT*fcAtf£i;*. 

[07] |4ti?tlT^5i9t, * 'J d ? * U# * F tftt a t T V 4 £ * 7 tt? 
©*fkftw-r!R3ttaW«fi (nm) © ? 5 7 0 

[08 A] H4KS'*nTV>S*C|«t*!R)tSJtfia/l«IBO«ft0^57"e**. ffi 
<4 7V ¥JV-i/a ytct DSIt? (B4#«i) . IS (801) TT\ t/a^ttr 

a ft fi fi / Hf M £ 43 § £ { b © 9 7 7 T? £ 5 o 0 8 A &C H & tl fc rJ % W g ft 14 H $'J $ ft * 

[09 a] mi&mn^mwm (tem) mm„ ^t/»?±o*yd?^i/*^Ftifi 

IB fit T? £ 5 o 

[09 b ] mmmm^mwm (tem) b ft » g^i/ct/s? © 11 # -3 it (order 

i n g ) t*tlSAllfliOTEMi«1f*i. 

[01 o ] t° y 5 s>> : 7 y y \ V U 5 tf - 7 § t / S?IW©^££ttH# 

Sl^-yd 1 7^P^g L K3*^^©ff^^*-ri5§0o dCid^H^fln^^^a, - # ffi 
n * ^ # £ 9 iJ 14 fr * t ^ 0 0 1 otcfe^T, -SOt/lJlctt, £ T 7 y y fr £ £ 
5*iJd?^*f F*MtlLT*0, flfi 73 © t / S ? fi , 4T*«K i ;5i'^fr645 

[0 1 U 'J FftMtf Ltv>5t/S?5^b^§Ci:}cJ;St/ 

s^iiftcf^tstniT'fe^ t;g?B, ffl ffi « * y J ? * v * * f © m >r 7 y 

jf^*-i'3^0gSHT81«!SftLTe^bTV^„ 0 1 1 fcfc^T, A "t / VL 

?%iu, att^yd^^u^^KiawrfeDN sttf*-7**;i/yy*-TJ55, z 
m$$(Di- j VL=?±<Q&fk<D* y fb, s^icA^y^vxiTiiftis 

[0 1 2 A] *y^7^l/*f-K« l f*llbTV^*^y«[?*fflV , >fc*mftffllfi*Sri»H 
. * y :i 7- ^ U * ^ F - ^ 7 fi ? £ 12 * 1 *5 <£ 2 t, -*»*y=T7^U*^H«W3 

fg?nt^5 0 ti t* ■t- 7 *i ? % g t , stt*ydf7^i/*^-KBB?ij-pa60, 4 tt * a tf 

» *l , 5i^b*fF*l^t5o4f g^Ito 
[0 1 2B] 4-Ud 1 ?^^^f•Kfr#»tTV^^7 5fit?^fflV^fc^^^tll^^^•rBS0 

, y 3? 7 KEW-P* 0 , tfttfctt* HtlBt«o4 

[01 2 C ] *ydf?*l/*f-K^f»r»-LTV'>4^/e?*fflV'»fc*|fctta3fi*^TIRH 
0 t'Jd?^*f H-t/87«lilftl*J;tf2^ F8W4 
* S n T ^ S . Alit/'SJ^Sb, SI4*y=f?^l/*^KE5<JTa&D, jS M fc £ 0= 

[01 2D] ^-y=r?^i^*^K^#SfUTV'>sy-/tt?*ffli/ ,, feSiftttHiis**-riSH 

. * y df? 7 \,*<f- K-^/tt^WSf* 1 *3ctt>* 2 k , y =f7 7 l/** K«W 5 

^S?tiT^5„ % \& i- y tt ? * a L , aB*'Jd?*I/*^ KfiWf*^ JS ^ * £ tf 
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[01 2E] *UdT5t^U*^HtfM3||LTV^*-?->'ltt ; f*fflV'>fc**ttHi*** , r*H 

0 * y d y- t> u * f - -f ; fi ? « s * i & <t if 2 k N -*«*yd?i'U*f'K«W6 
tf'MshT^*. a a y- / ft ? « a b , ke?j?*o. ^ « » «t tf 

[Hi 2F] * y =r ? *f i> * * f # * t t v 5 y- / s ? * m ^ fc ft ie a & * * t ms 0 

tfs^nxv^o jh, a y- / is ? * a l , stttydy^ut^FE?)?*!), £ * fc ± if 

[01 3 A] t/i?fcilfIMi*ffl^/cDNA ( {# D N A ) ^tU^^^tBSST' 

[01 3B] t/tt?6itfa«is*fflv^DNA («*dna) m^ik**? mmx* 

[01 4 A ] *'Jd3i^ HtffiftbTV^4t/8? ( * © 1 o © * H tt » fflt * £ 

36 t) , lOOlittBl 3B£^SnT^5i5fta«S«CWf LT^5) <J 

ft&ttmSt (nm) 0^57T$5, 
[01 4 B ] m JS © tl * (B*t5) E t£ ra x 01 4 A C i tlT ^ S 7 'J X 

[01 5A] ^yd , 7^^^^FAM ; it«LTV^§tyg?^fflV^/c^^^i±l^^^■rB|El 

0 * y df 5? * > * f- f - y- / s ? ft ta* i 33 ± if 2 # m 2 n t v * o ^at;e?*«i 

, .a tt * U df 5? * U * F BE W T' & D > Sttf *-7;V**yy*-**t, 

[01 5B] ^yd?^w^^F^MSbTv^tyii?^fflv^cft^^i±i^^^-riss0 

o *U rJ? * u^-f- K-^/tt^ftttf* 1 *5=fcl>*2 k, - * ft * U d 5? * U * K 9 W 3 
7 ;V * ;V 'J y * - * * t o 

[01 5 C ] *Vd?*]s*?\ : fftt%LX^Z*S'l&?*ft^rcmnVll}i%Z*tVti® 

w * ft T V> * „ *H4y-/*£?£3!U Stt*'Jd?{'l/*f KE«T*!), Slift- 
7* + *^*-***. 

[0 1 5 D ] * U d'5? * F tfttlt b T ^* * / 8? *fflV»fe«l&*ffl5R**1-|&BI 

0 *y rJ5» * U*f- H-*/ 1 fccfclf 2 t J? * U*?- K*«5 

tfSShT^S. Att^/tt? at** 'J d'? U** KEMT* 5 , s \t * * - 

7 ;i/ 4^ ;i/ y y a - * a t 0 

[01 5E] *y=?7*l/*^K*«M3|ILTV'>*^>'tt ; f*ffl^fc*K*ai**w , rilH 
0 ^yd^i^^F-y-Zfei^fttSfti&ii^k, Ki«6 

^S?tlTV^ 0 A » y- 7 ffi ? * * L , £ {4 * 'J d ? * b * ^ k IE JU T? <0 , S (4 f- * - 

[01 5 f ] * y dj? * u^-^ Ftffiti LTv>*y-/tt ; f*ffli#'>fc*ii«m**si-*H 
0 * y rf? ^ K-t/gf ftfSi* l <t if 2 t , -*|t'Ji?^l/*?K««7 

^ is * ft t ^ 5 o fttty-ytt^fcau as*ys?^i/*f kewt*!), s a ^ * - 
7 ^ * ;i> y >*-*at. 

[01 5 g ] *yj?^i/*^H^f!r3iLTV'>«y->'tt?*fflv->fc'«»*ta**w-r«Bi 
. * y d ? ^ u * ^ f - y- / *4 ? ft * i fc* * if 2 k , -*«*y=r?^i/*f-H«tt8 

tfSiftTV^. A (4 y- / ft ? ft S b , SB*'JdHl/*^FEJlJT*5, S (4 f- 1 - 
7 ;V * ;l/ 'J > A - % * T „ 

[01 6 a ] t'jiji*i/t?Ki!i , wiLn^t;8? « * * a -r « a 
o *y df? ^ F-y-/fe?ft^<* i *± if 2 g?tfS45i»o-*i* y =f 
5t^i/*f-K«tt«'**nTV'>*. stitty-ztt^ftau, s » * y ^ ? ^ u * f- f e t° 

[Hi 6 b ] ^yd , 7>^^^F*M^»bTv^§y-y5t!4?^/i^fcftiS^iti^*a-rB§0 
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^V^f FSfitfiSftT^S. ftttt/S?^iL, £ li # U =f 5* * U * K IB ?IJ T? 

#*K» (**tt^*-f) HPIO&I^ 2 *©¥ff»ttr*a»?-fe y h ftg 

L , /|NX*ttWaW5t^U*f-KE5iJ ( a a a ' ffi ffl W , bttb' OfflffiWt^^ ft 
E) ft*f 0 

[0 1 7 B] t/tt?-*U 3? * u^-f- F£&ttfc, *>J =f? * Ftfltf LT 

U />£*tt#fiW7 * \,%?- Ylin ( a tt a ' £ ffi fi§ ft, bttb' Offl«WT*-8, ft 
2) ft* to 

[01 7 c ] t;fi?-*yj?n*^F«fi*!:> * u =J ? * v * ^ k # tt * t t v> 
5^/tt?*fflv^«»*a«t*^"r*H. *,«±/tt?*st, a « a * u =r ? * b 

* ^ F ft (Sllig^f) 4iU HPi(DK^2*cr)¥ff«tt-*^^?-b^^>F^* 
L , /jNX*ttWS»7*U*f-KE?iJ ( a tt a ' t ffl ffi W , bttb' OffliWT'feS, ft 

[0 1 7D] t/tt?-*'Jd?*U*f F^filtJ:, tfi;=r?*U*^Ktftt*UTl'> 

5tytt?*ffl^ft«i«nj*i:*sr«B. Att^/tt?ft*t, aai(4*yd?'^i/ 

t , ^ £ * tt 1f g ft 7 * U * F E ?0 ( a tt a ' t ffl ff ft , bttb' Ofi1SWT*$5< ft 
[■11 7 E ] tt?-* V n 5? * U** YR&WZ.s t 'J df? ^ Utf F AMti LT^ 

:t f- F IM (Sl(ig?f) raffiO»v» 2 #©¥ftiittz:*ii#?-fe ^ y h ft« 

U /.hX^ttttSW? * l/tff- KE7U (atta' ttiiW, bttb' ©*8iWf'*5, ft 
2) Sit. 

[01 8 ] V t° V — 2» (^tl^lft) , * / tt ? ( >> S V> a A ) feitflBMt^ffl^ 

f- K * * U ? tt H * g (A^7'J^VXLf;) tyd^fl/^f H*«t, 
[0 1 9 A] ^t/Sf-t'Jd?n*^Fft8tt^ll 3 AtSSnTV^5±?43 
WS*±OjPa»kLT*'&bfc4:tO»>ie«0*ft%*Tfk3eSW»ft ( n m ) <D?'v 

[01 9 b] gficDti* cuff) tff^ftgi DAtcssnn^A'f/y^'fXbft* 

[I20A] 4IU< lifSftil)tt;S? (02 OA) fc#*LTVSSft«H*y 
3 7 >7 u j}- ^ F ft ffl ^ ft If H © B§ 0 o 

[02 o b ] n&m. tt^mmti.^ (0 2 0 b ) tw« lt^««««»* u =r* * 

* f ft ffi ^ it a o bs 0 o 

[02 1 ] *udr?^ix*^K*Mvf*UT^s^^/«t : ?*i«ttf^)tffli«*u=r?^v* 

F tt « b T ^ S 7 r 'y * X 5 * p X 7 x 7 ft ffl ^ fc « ft tt Hi $ ft S T BJ& 0 . * S 

fit ?l k m ft a -r o 

*WS*w-ri«Ho IAtt,t/ttf*«l, ft«Rtt'«?LKffiftlSfo 
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[02 3] mmmumijim (.nmmi 2mm %7 v^4Kmmi<nz>tim<D®.mo 
[H2 4 ] ty f (Eii) tftibt^siitys? ens*) > t / a? 

t # * b T ^ § * >; d 7 * u * ^ k K m ^ 7 V 4 X L fc 7° n - 7 * 'J =f ? 2 U * * K ( 
£«) *£€r r+hx7^h7°n-7j *ffl^fe*««*fctti**w-*-*BITfc»K 7°P- 

7 * y ^ 5? >? u * ^ f a u * - * - a (flHft) T-ii^ntv^o a , b n c , a ' , 

B' , 33£t/C' 8, * KE5U*«b, A, B «k C tetft? n, A' 

, B ' 33 «fc tf C ' US«WT'$5. 

[125A] t/faf tMBMS^iV^cD N Atffi^^gftl. C ft 6 © 0 ffi K 33 V 

t\ a , b 33 cfc tf c tt , aft4>ydf7*U*^KEW*«L, a ' , b ' * J: tf c ' » 
, ftiffta, b 33 «t tf c t iS ffl W ft * U =f 3? * U * ^ F G W * & 1" 0 

[02 5 B] ty8?t8S3S**)B^ftDNA*UiS*St«a. Cft£©0ffiC33V^ 

T > a , bfeitfcli, S4«*yi?*V*f KEJIJ*«1, a ' , b ' * ± tf c ' li 

[02 6] CdSe/ZnS37/^i;H?F7h (QD) 0*^tt««lSt5S*S 
1" BS0o 

[02 7] (A) 4 0 0 nmT'Oljat\ #«QDfcS*QD*J*«?S£ft;*'** 

F;^gLT^5, MfittRlti^KilWLfcWs fit, - JtlifflfflW r 'J y A - J D 
N A * ft An L , ffl 73 E » m M , *lSO#iiWDNA*ttlPLft. ( B ) B , r 1$ J 
©Ilk «*J;lf»©aft*filS["FOQD/QD*'&(*©UV-RrtS^'<^ M^iLT^ 

tttiB, 0.3M NaCKlOmM V ylSSflS ( p H 7 ) , 0 . 0 1 %7 
•f F V t> A > 1 3 nraO#t/l?fe<!;y/lfcii-4 nmOC d S e/ZnSP7/ 
->i;l/QD*ffl^TSffiL/c 0 (C) /W 7 U v H&/ Q D il"&ft©-g&©i« ft ft £ 
TEMBI*SLTV^. »ttfciKfeQD©**T#tt#*£-*->'tt : ?®ifi<fcJI*S. 

(D) 14, Off), Hfeitfaoi45iaSTOA>f7'J.7F#./QDi^{t:OU 

V-nJIIX^^ h;V^/^LTV>5o 0*©ffiA0ii, ft ■& ft © M S tt K H * 5 £ £ *f ft 
yD77^^Sltl^„ ittllli- O. 3M NaCU lOmM y y SJ Ifi « ?g 

( p H 7 ) , 0 . 0 1 % 7 V it i- F U 7 A * , 1 3 n m © & ± 7 & ? $3 i tf / $ fc tt ~ 4 
nm©C d S e/Z n S 37/J'i)l'QD*l^T*ibft. 

[0 2 8 A] 377P-7. ?S*ft7°n-7©f / F^fe «t tf £ ft S © 7 p - 7 £ ffl ^ fc D N 
AfcWSfcwTI&Bo CtlfeOHffiEftVT, a, b, c 33 <£ tf d tt > S45*'Jd?^ 
U*f KEM*«l, a' , b ' , c ' 33 J; CP d ' tt * ft a, b , c^iffdil 

ffi m ft * U 3 7 * b * ^ F E fll * g t o 

[0 2 8 B] 37 7°n-7\ S*ft7P-7©ffi!fe < fctfcft&©7 0 a-7^ffl^^DN 
AttHl^^tlgBo cnfeOBSlcfeV'T, a, b, c * i d tt , S4WJ3^ 
FE^J^iLs a ' , b ' , c ' 33 ± tf d ' * ft ^ ft , a , b , ctiffdtS 

[0 2 8 C ] p77p-7\ !S*ft7°P-7©f / FS33j;tf;iftP>©7 < 'P-7^fflV^/cDN 
A^m^^ST8S0o £1 ft & © 0 m K 33 T , a, b , c 33 <fc tf d « , SftS^'Jd?^ 
FSW**L, a ' N b ' , c ' 33 J: O- 1 d ' tt * ft * ' ft , a , b , c 33 «t tf d k ffi 
« W ft *.U d 7 ^ I/* K * « t o 
[0 2 8 D] P7 7°P-7\ fi*ft7 0 P-7©^K33j;t;ilftP>©7 o P-7^fflV^cDN 
AfcWRJfewfB&B. CftP>©0ffit33^T, a, b, c33<kU ; d«, 34**^7* 
KE?J*ab, a' x b' , c' 33<fctfd' tt^ft^ft, a, b, c 33 <t tf d 41 
ffi « ft * U p~ 7 * U * f- F E W * « f o 
[0 2 8 E] P77°P-7\ S*ft7°P-7"©^S33<i;y'iIftP>©7 0 P-7%fflV>/cD N 
A^tB^^^t"BS0o £ ft S © 0 ffi E 33 T , a, b, c 33 <k d , Sft?>^U^5?7 
* f- F E 81 * ft L , a ' % b ' , c ' 33 «t tf d ' Bthftl, a , b , c 33 A tf d £ ffl 

II n ft * u =r 7 ^ \, * * f s m * m ? . 

[0 2 9 ] ^;l/*7Fx^/-;Kci§, * 'J ^ Ftf#fLT^5t/fa7 ( 
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tfcii^mm caeaft) a* &©# y =r? * u*?- f©h»#*©?57. 
[13 0] t;gf-t'j3^Pt^ KftSttoistffii^ns, a«4Bi*'Jd 

7- 7 u^-f- k : ^«?#J*y rJ? 7 ? K it £ b T ft h ft tc , -f 7 *fi ? ± © MM * V dT 
5**b*^F©«ffl«ffliEH©7'77o 

[03 l ] t/fe?±©^lii*yn?>U^f-F©«^*gffiSaiEHt^-r§s 

y jf^xiftfiswft^y 7 u*f- HosiS*iiic^77. 

[03 2] t/Sf-t'Jd^l/tf F#«{*fe <fc tf «gjfefei£ K <£ S JUifc/HWcStfi 

[03 3] T^SX+ttifel^Tift, 7mmXl 3 mm©* 'J * K WlSit 

7n-h^7X77^K<Oi«. (A) DNA|«k4t/S?-t'Jd^l'*?Kfi 
S«Sf*fc* s A^7'J^^Xt§M©X7^Fo ( B ) 1 0 n MOifiD N A t 5 n MO 

* 7 s ? - * v =f s 7 i/ * k & /Ts ft ts # t ft /n -< 7 y 7" w x t it % © x 5 -< f a b e v 

^ftttS^til 3 nm4t/fif S<Wf Lftft»T»5. ( C ) JB£flttttK:5£M« 
Ilfcl©X7^ FB. (D) (A) tmVo (E) 1 OOpMO|W.i5nM0t/S 
? - * U d 5? 7 b * K £ ij* ft $ ft t ^ ;n ^ 7 ij 9 4 X b ft % © X 5 W F D . t/i?I 

o!R)tfittffijflirTSiiis/-ctt¥^S!x + + ^-e«Sij-eta:^^feo (f) «*s«»*k 

5^FIISSLft|077^ F E o X 7 f K F » X 5 F C <fc 5 t± § K B£ 5 < , cnB, 
ffl«M£tfffiv>c:i:&^LTV>5„ ( G ) 5 n M©t/S?-*'J n ? ^ l^*f F}§/7^ 
fftttCSJIU ^ojgJS*ijS?Kfc 55)FliILfcWIX7^ Ko Xv^ K ©Hf * tliBO 

* ft ft- O fe . 

[03 4] |40l£OlNDNAlC|RUtt, 5 nM04t/l?-*'Jd?^* 

^ Ffg/Txfttsft tcsii u, igtiti?s?«t 5 #M$ig bfc *v t is*? vsmitx? 

X*ffi©^l^-X^-;l/ (ft^ffiS) ©7?7o 
[0 3 5 ] (A) tt, »ftftHn*«lt bfc*«©*U 3? 7 Ftift**7XHfr 

>w?>j «%wsit©^57. (b) a, t;s?T*lift« 
« (03 5 b ) © * y d 7 * u * * k n mit a ? x m m & % © m m * ™ t ^ f f v 9 << x 

|65%»Sa©^77 0 B35 A*ilfBlC*^T, $J £ tt , # 5 X * ffi ± © » ft * © ftp 
Hbfcllli©^7t (0 3 5 A ) J; tf !R ft fi (0 3 5 B ) £ $J £ b T H SS b ft 0 r b j t 
« w S ft fc » 8 , ^7^ioS^M^*'Jd?^*>FO.»f*i%*t, r r j «R 
*SftTV>5*Sfi, 7j 7 X ± © t§ ft -a- * y d' 5? F ( 1JS£K&'&) L 

TV^5„ ^7^111^ ^iJStM bTm#©fifi (ftlMOHMSK T ,„ ©*H0) 
?»«Ufe«W^ia*J:tf58^)taeJ:tf^/iS?^-X»e?f-'y7Ciat5^iBijTSft 
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) = 1 . 8 : 1 c 95ftffi (0 3 5 B ) : fflfiitt (8 5 %) (14%) = 6 : 1, 

as ft ana manna (03 5 a) ©««, as«a«n«oig?f ^*6o»iic» 

SWS:{)OT*<b5 (Fo rmanB, Molecular Modeling of N 
ucleic Acids, Leontisk&ICACS Symposium Ser 
ies 682, American Chemical Society, Washin 
gton, D. C. , 1 9 9 8 *), 2 0 6 - 2 2 8 ^-7) , 

[0 3 6 A] ^ fiUI W £ It ft IS It 714?-* V 3 ? 7 P * 7^ F ft Iftft 7° D - 7 T? * 

* b * 7* y J 7 * f- F IB^J © Btt. 

[0 3 6 B] t/tt?iit/ttf-*U * U** H«fti*^D-7l?*»bfc* t* 
;l/ * y dT ? ^ U * 7^ F SB ?U © IS ft 0 0 3 6 A «t tf B t *3 V T . C , A % T *3 <fc G , 

iiKitiLti/^t y =f 7 7 b*f- hc i y-mm&itw&c o t«« t ©££#-& (« 

S A) ^fcfiligS^ft^ («S A t <D^±M^<DiXt> K> C , TSfettG) ^rfefc 

&UftE?Jl07*f h (BiR) *«UV>8. ®* C : A : T : G © 9 U - X ^ - ;!/ Jt 
(i % 83 6 Atl8bT»9 : 37 : 9 : 1 K I 3 6 B tc|| Ltli 3 : 62 : 7 : 3 4 ? 

[03 7] »«g^ (3) ^MTg^lfct/g? ( a » ± tf b ) ©«** (A) S ft 

am (b) ^^^-r§^^^-rs§0o 
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BID OF THE INVENTION 



BACKGROUND OF T H E INVENTION 



. (lie diagnosis of genetic, bacterial, and viral diseases. See Mansfield, B.S- et 
d Cellular Probis.9, 145-156(1995). At present, there are a variety 
for detecting specific nucleic acid sequences. Id. However, these 
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M U. Engl, 28, 506-512 (1989) and Dubois &. Nuzzo, Amu. Rev. Pkys. Chan., 43, 
437-464 (1992). In this approach, linear alkancdithiols are used as thcparticle linker 
molecules. The thiol groups at each end of the linker molecule covalently attach 



irreversibly. Methods for systematically controlling the assembly process are needed 
if thcmaterials properties of these structures arc to beexploited fully. 

The potential utility of DNA for the preparation of biomaterlals and In 



design impressive srnicmres with wc 

Shekhtman el at, New J. Chem., 17, 757-763 ( 1993); Shaw & 
533-536 (1993); Cben et al, J. Am Chem. Soc., Ill, 6402-6407 (1989); Chen & 
Seeroan, Mr/tare, 350, 631-633 (1»1); Smitll and Feifon, Nature. 356, 164-168 
(1992); Wang et al., Biochm., 32, 1 899-1904 (1993); Chen H al., Kiochem., 33, 
13540-13546 (1994); Marsh et Nucleic Acith Res., 23,696-700 (1995); Mirkin, 
Amu. Re\*r»m°phyi. Momot. Strua.,K, 541-576 (1994); Wells, J. Bid. Cham., 
263, 1 095-1098 (1988); Wans et al, Biochm., 30, 5667-5674 (1991). However, the 
theory of producing DNA structures is well ahead of experimental confirmation. 
Seeman et d.,New J. Chem., 11, 739-755 (1993). 
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ed with the binding oil 
to allow hybridization of the binding oligoauclei 
on the nanoparlicles. Finally, the detectable change produced by these hybridizations 



a sequence complementary to u first portion of the sequence of the nucleic acid. The 
contacting talus place under conditions effective to allow hybridization of the 
oligonucleotides on the substrate with the nucleic acid Then, the nucleic acid bound 
to the substrate is contacted with a first type of nancparticles having oligonucleotides 



c of the nucleic acid. The contacting takes place under 
allow hybridization of the oligonucleotides on. (he 
nucleic acid. Next, the first type of nanorrarticle- 



sccond type of nanoparlicles having a sequence complementary to at least a portion of 
the sequence of the oligonucleotides on the first type of nauopurticles, die contacting 
taking plate under conditions effective to allow hybridization of the oligonucleotides 
on the Erst and second types of nanoparlicles. Finally, a detectable change produced 
by Ihese hybridizations is observed. 

In another embodiment, the method comprises contacting a nucleic acid with a 
substrate having oligonucleotides attached thereto, the oligonucleotides having a 
3 a first portion of the sequence of foe nucleic and. The 

istrate with the nucleic acid. Then, the nucleic acid bound 
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hybridization of the oligom 



first type of nanoparlicles having at least a first typo of oligonucleotides attached 
thereto. The Brst type of oligonucleotides have a hydrophobic group attached to the 
led to the uanoparticles, and the contacting takes place under conditions 




oligonucleotides have a sequence complementary to a lust portion of the sequence of 



hybridization of the oligonucleotides on the substrate with said nm 



complementary to a second portion of the sequence of said nucleic acid, The 
contacting lakes place under conditions effective to allow hybridization of the 

he nanoparticles wiili said nucleic acid. Then, tho substrate is 
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be totbc liposomes as a result of hydrophobic interactions, and a detectable 



od comprises providing a substrate 
bavins oligpnucleolides attached (hereto. The oligonucleotides having a sequence 
Complementary to a first portion of the sequence of a nucleic acid to be delected. A 
core probe comprising at least two types of nanoparticles is provided. Each type of 



ast one of the other types of nanoparticles. The nanoparticles 
of the aggregate probe are bound to each other as a result of the hybridization of the 
oligonucleotides attached to them. Next, a type of nanoparticles having wo types of 




asl one other type of nanoparticles. The uar 
aggregate probe are bound to each other as a result of the hybridization of the 
oligonucleotides attached to them. A typo of linking oligonucleotides comprising a 
sequence complementary to a second portion of the sequence of said nucleic acid and 
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a sequence complementary to a p 



alio*' hybridization of the . 



oligonucleotides on Die core probe, and a detectable change is observed. 




20 binding oligonucleotides prior to being contacted with the nucleic; acid, or ali >hree 
may be contacted simultaneously. 

In another embodiment, the method comprises contacting a nucleic acid with 
at least two types of particles having oligonucleotides attached thereto. The 
oligonucleotides on the first type of panicles have a sequence complementary to a 
25 fust portion of the sequence of the nucleic acid and have energy donor molecules on 
the ends not attached to the particles. The oligonucleotides on the second type of 
o a second portion of the sequence of the 
tor molecules on the ends not nrtached to the 
particles. The contacting takes place under conditions effective to allow hybridization 
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is observed. The energy donor and acceptor 



of the nucleic acid. The nucleic acid is contacted with the microspheres and Ihe 
10 oanoparticles under conditions effective to allow hybridization of the oligonucleotides 
on the latex microspheres and on the nanoparticles with the nucleic acid. Then, 
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allow for hybridization of tb( 
oligonucleotides to produce » satellite probe. Then, the satellite probe is contacted 
with the nucleic acid under conditions effective to provide for hybridization of the 
nucleic acid with the probe oligonucleotides. The particles are removed and the 



detected by contacting the nucleic acid with a substrate having oligonucleotides 



portion of the sequence of the nucleic acid. The oligonucleotides are located between 
a pair of electrodes located on Ihe substrate. The contacting takes place imdcr 
conditions effective to allow hybridization of the oligonucleotides on the substroto 



attached to them, at least one of the types of oligonucleotides having a sequence 
complementary to a second portion of the sequence of the nucleic acid. The 
contacting takes place under conditions effective to allow hybridization of the 



ate will hove a plurality of pairs of electrodes located on it in an array to allow 
; detection of multiple portions of a single nuclcie acid, the detection of multiple 
em nucloic acids, or both. Each Of the pairs of electrodes in Ihe array will hove a 
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the sequence of a first portion of a nucleic acid The oli 
type of nanoparticles have a si 




nucleic acid. The kit also in 



tfng oligomicl 
to the sequence of a first portion of a 
udes a first container holding nanoparticles having 
eto which have a sequence complementary to the 



20 container holding a binding oligonucleotide having a selected 
two portions, the first portion heing complementary to at least 
sequence of tho oligonucleotides on the nanoparticles in the fi 



attached thereto which have a sequence complementary to the sequence of i 
portion of anucleic acid, a first container holding nanoparticles having 

led thereto which have a sequence complementary to t 
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a (toed container holding a second type of oligonucleotides having a sequence 
complementary to the sequence of a second portion of tho nucleic acid, and a fourth 
container holding a third type of oligonucleotides having a sequence complementary 
to at least a portion of the sequence of the second type of oligonucleotides. 




at least a portion of the 




also includes a first cm 

them. The nanoparlieies of the aggregate probe are bound to each other a) a r 
die hybridation of some of the oligonucleotides attached to each of them. A 
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container holding an aggregate probe. The aggregate probe comprises at least two 

innparticles of 



In an additional embodiment, the kit comprises a substrate having 
oligonucleotides attached to it and a first container holding an aggregate probe. The 
He probe comprises at least two types of nanoparticles having oligonucleotides 
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acid lo be delected. The sequences of the second portions of Ihe binding 
oligonucleotides may be different as long as each sequence is complemenui 
15 portionofthesequcnceofUienuclcicacidtobcdctected. : 

the kit comprises a container holding one type of nanopartielcs having 
oligonucleotides attached thereto and oneot more types of binding oligonucleotides. 
Bach of the types of binding oligonucleotides has a sequence comprising at [east two 

20 on the nanopartielcs, whereby the binding oligonucleotides are hybridized to the 
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acid to be detected. Tlie sequences of the second portions of the binding 



portion of the sequ< 



oligonucleotides attached thereto and one or more types of binding oligonucleotides. 
Each of the types of binding oligonucleotides has a sequence comprising at least mo 
portions. The first portion is complementary to the sequence of the oligonucleotides 
on the nanoparticles, whereby the binding oirgomicleonaes are nybrtdrzed to the 




sequence of a second portion of tbc binding oli 

In another embodiment, the kit comprises one or two containers, the 
contaiocr(s) holding two types of particles. The first type of particles having 
oligonucleotides attached thereto that have a sequence complementary to a first 
portion of the sequence of a nucleic acid and have energy donor moleculos attached to 
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labeled with a fluorescent molecule. Hie kit alto comprises a second container 
oligonucleotides nave a sequence complementary to a second portion or the sequence 
jomprises a first container holding a first type 



The oligonucleotides have a sequence complementary to a first portion of the 



sequence complementary to a second portion of the sequence of a n 



he aggregate probe comprises at 



aggregate probe. The aggregate protie comprises at least two types of uanopurlides 
having oligonucleotides attached to (hem. The nanoparticles of the aggregate probe 
are bound to each other as a result of the hybridization of some of the 
oligonucleotides attached to each of them. At least one of the types of nanoparticles 
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oflhcageregaleprobehasoIiEomidrol^e liachcO tc I v. ch have a hydrophobic 
group attached to the end not attached to tho nanoparticles. 

In a further embodiment, the kit comprises a container holding a satellite 
probe. The satellite probe comprises » particle having attached thereto 
oligonucleotides. The oligonucleotides have a first portion and a second portion, both 



the sequence of the first portion of the oligonucleotides attached to the particles, and 
both portions have sequences complementary to portions of the sequence of the 
nucleic acid. The probe oligonucleotides also have a reporter molecule attached to 
one end. 

In another embodiment, the fcil comprising a container holding a core probe, 
IS the core probe comprising at least two types of mrnoperhcles having oligonucleotides 
attached thereto, the nanoparticles of the core probe being bound to each other as a 




molecules at the ends not attached to tht 

The invention further provides a method of nanofabrication. The method 
comprises providing at least one type oflinking oligonucleotide having a selected 
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sequence, the sequence of each type oflinking oligonucleotide having at least two 
portions. The method further comprises providing one or more types of nanoparticles 
having oligonucleotides attached thereto, the oligonucleotides on each type of 
nanoparticles having a sequence complementary to a portion ofthe sequence of a 

under conditions effective to allow hybridization of the oligonucleotides on the 



Tile invention, provides another method ornanofabrication. This method 
comprises providing at least two types of nanoparticle 
attached thereto. The oligonucleotides on the first ryp 
sequence complementary to thai of the oligonucleotides on the second type of 
nanoparticles. The oligonucleotides on the second type of nanoparticles have a 
sequence complementary to that ofthe oligonucleotides on the first type of 
nanoparticle-oJigomicteotide conjugates. The first and second types of nanoparticles 



20 nanoparticles having oligonucleotides i 




further provides an assembly of containers comprising a first 
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The invention also provides a nanonarticle having a plurality of different 



having at least two portions from other nucleic acids. The method comprises 



thereto, the oligonucleotides on each of the types of naoopaflicles having a sequence 
complementary to the sequence of one of the portions of the selected nuclcio acid. 
The selected nucleic acid and other nucleic acids are contacted with (he nanopanicles 
under conditions effective, to allow hyuridUation of Ihe oligonucleotides on the 




some of the oligonucleotides to bind to the nanopanicles by means of the functional 
groups. Next, at least one salt is added to the water to form a salt solution. The ionic 
strength of flic salt solution must be sufficient to overcome at least partially the 
25 electrostatic repulsion of the oligonucleotides from each other and, either the 
clectroslalic attraction oflbe negatively-charged oligonucleotides for positively- 
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invention also includes the stable nanopartick-oligonuclcotide conjugates, methods of 
using to conjugates to detect and separate nucleic acids, kits comprising the 
conjugates, methods of nanofabrication using the conjugates, and nanomslerials and 



to delect and separate nucleic acids, kits comprising the conjugates, methods of 
15 comprising the conjugates. "Recognition oligonucleotides" arc oligonucleotides 
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(lie sake of simplicity in Figure 1 anil some subsequent figures, only one 
oligonucleotide is shown to be attached to each particle but, in fact, each particlo has 
several oligonucleotides attached to it. Also, it is important to note that in Figure 1 



Figure 2 : Schematic diagram illustrating a system for detecting nucleic acid 



the two nanoparticles have sequences complementary to two different portions of 



ed DNA shown which are separated hy a il 



the noncomplementary portion of the single-stranded DNA. When the DNA, 



dc-hyhridization with a li 



which are complementary to Ihe oligonucleotides attached to the m 

F: K'jrc S : Schematic diagram illustrating the formation of n 
aggregates by combining □anoparticles having oligonucleotides atti 
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linking DNA; de-hybridi«d (thermally denatured). 11 



aggregates have not precipitated. The color is purple. Cuvette C - after several hours 
at room temperature, the aggregated luvnoparrietes have settled to the bottom of the 
cuvette. Tie solution is clear, and the precipitate is pinkish gray. Heating B or C will 



aggregate due to hybridization with linking oligonucleotides upon lowering of the 



J J . Figure 8A is a graph of change in absorbance versus 
temperature/lirae for the system illustrated in Figure 4. At low temperatures, gold 

with linking oligonucleotides (see Figure 4). At high tenrperature (WC), the 

ed. Changing the temperature over rime shows that this 




25 linked oaitoparticles, 



i composed of aUpyrinu'dines. The third 



(176) 



JP 2004-501340 A 2004. 1.15 



nanoparticle) is composed of pvrimidines. 

Figure_U: Schematic diagram illustrating the formation 
aggregates by combining nanoparticles having complementary ol 
attached to them, the nanopaniclcs being held together in too agg 



Figures I2A-F : Schematic diagrams illustrating systems for detecting nucleic 



nanoparticle conjugates 1 and 2 and single-stranded oligonucleotide targets 3, 4, S, 6 
and 7 are illusb-atcd. The circles represent tie nanoparticles, the formulas are 

he dotted and dashed lines represent connecting links 

ems for detecting DNA 

(aoalyte DMA) using nanoparticles and a tram 

Figures 14A-B : Figure 14A is a graph of absorbance versus wavelength in nm 
showing changes in absorbance when gold nanoparticles having oligonucleotides 
20 attached thereto (one population of which is » solution and one population of which 
is attached to a transparent substrate as illustrated in Figure 13B) aggregate due to 
hybridization with linking oligonucleotides. Figure 14B a graph of change in 

for the hybridized system referred to in Figure 1 4A as the temperature is 



The circles represent flic nanoparticles, the formulas are 
ccs, and S represents the thio-alkyl linker. 
IvA-g Schematic diagrams illustrating s 



25 
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n an assay for Anthrax Protective 
i system for detecting target 



spheres) having oligonucleotides (straight linos) attached to them, probe 
oligonucleotides (straight lines) hybridized to the oligonucleotides attached to the 
nanoparlicles, the probe oligonucleotides being labeled with a reporter group (open 
:). A,B,C,A\B',a 
mi C being complementary to A", B' an 

•ns for detecting DNA 

using nanoparticles and a transparent subslrate. In the 



c, respectively. 



CdSe/ZnS core/shell quantum dots (QD). 

Figures 27A-D : Figure 27A show: 
and aggregated QDs, with an excitation at 400 ran. The ; 




a oF QD/QD assemblies at di 

I". Figure 27C shows high resolution TEM image of 
a portion of a hybrid goldVQD assembly. The lattice IKnges of the QDs, which 
resemble fingerprints, appear near each gold nanoparticlc. Figure 27D shows UV- 
Visible spectra of hybrid gold/QD assemblies at different temperatures before, during 
in Figures 27B and 27D display temperature versus 
i profiles for the thermal deoaluration of the assemblies. Denturation 
nts were conducted in 0.3 M NaCl, 10 mM phosphate buffer (pH 7), 0.01% 
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20 after hybridization of 1 0 nM target DNA and 5 nM nar 

indicator conjugate. A pink color was imparted by attached, red 1 3 nm diameter gold 
nanoparticles. (C) Slide B after exposure to silver amplification solution for 5 
minutes. (D) Same as (A). (E) Slide D after hybridization of 100 pM target rmd 5nM 



layer was too Low to be observed with the naked eye or flatbed scanner. (F) Slide E 
after exposure to silver amplification solution for 5 minutes. Note that slide F is much 
light" than slide C, indicating lower target concentration. (O) Control slide, exposed 

funclionauzed glass surface exposed to varying concentrations of target DNA, 
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jwed by 5 nM gold of nanoparticle-oligomiclcotids indicator conjugates and silver 
Figures 35A-B : Graphs of percent hybridized label versus temperature 
(Figure 3SB) targets fto 

(Figure 35B) of dissociated label in (he solution above the glass surface. Tl 



(Figure 35A): complement («9%ymismatch (38%) = 1.8: 1 . Absorbance (Figure 
3SB): complement (85%)/nlismatch (14%) -6:1. The breadth of tho (luorophorc- 
labefcd curves (Figure 35A) is characteristic of the dissociation of flaorophore-Iabcled 
targets from gene chips (Forrnan et «1, in Mcleculur Modeling of Nucleic Acids. 



Washington D.C., 1998), pages 206-228). 

Wrong 36A-B : Images ofmodel oligonucleotide arrays challenged with 
synthetic target and fluorescent-labeled (Figure 36A) or nanoparticle-labcled (Figure 



(elements) on the array where a single base change has been made in the 

oligonucleotide attached to (he substrate to give a peirect match with (he largest (base 
25 A) or a single base mismatch (base C, T or G in place of the perfect match with base 

A). The grayscale ratio for elements C:A:T:0 is 937:9:1 1 for Figure 36A and 

3:62:7:34 for Figure 36B. 

Figure 37 : Schematic diagram illustrating system for fcrtuing aggregates (A) 

or layers (B) of nanoparticles (a and b) (inked by a linking nucleic acid (3). 
30 Knurs 38 A : UV-visiblc spectra of alternating layers of gold nanoparticles a 

and 6 (see Figure 37) hybridized to an oligonucleotidc-functionalized glass 
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microscope slide via the complementary linker 3. The spectra ate for assemblies with 
I (a, >w - 52+ nm), 2 (b, X„„ = 529 nm), 3 (c, \,„ = 532 nm), 4 (d, \„ = 534 did) 
or 5 (e, A™ - 534 nm) layers. These spectra we: 



Figure 3813 : Graph of absorbance for nanoi 
38 A) at Ana* with increasing numbers of layers. 

£ Figure 39A: FE-SEMofo: 




on ITO is similar to that on glass. The average density of 
counted nanoparticles from 10 such linages was approximately 800 
lanopardcles/iim 1 . Figure 39B; FE-SEM image of two layers of nanoparticles on 

approximately 2800 particles/um 2 Figure 39C: Ahsoibance at 260 nm (A)») 
showing dissociation of a O.S uM solution of the oligonucleotide duplex (1 + 2 + 3, 

(pH7). Figures 39D-F: Absorbance at 260 run (A !M ) showing dissociation of 1 layer 
(Figure 390), 4 layers (Figure 39E) ami 10 layers (Figure 39F) of oligonucleotide- 
functionalized gold nanoparticles from glass slides immersed in 0.3 M NaCl. 10 mM 
phosphate buffer solution. Melting profiles were obtained by measuring the 
decreasing absorption at 520 run (A J!C ) through the slides with increasing 
tcmpcrahrrc. In each of Figures 39D-F, the insets show the first derivatives of the 
measured dissociation curves. FWHM of these curves were (Figure 39C inset) 13.2 
«C, (Figure 39D inset) 5.6 °C, (Figure 39E inset) 3.2 "C, and (Figure 39F inset) 2.9 °C. 



ties of gold nanoparticle assemblies linked by DNA. For simplicity, ■ 
diagram illustrating a method of delecting nucleic acid 



using gold electrodes and gold nanopaiticles. 



(182) 



JP 2004-501340 A 2004. 1.15 




figure 43 : Schematic diagram for the synthesis and formulas for the steroid 



10 cyclic disulfide anchor group. 

Figure 4 4: Schematic diagram illustrating cyclic disulfides of formulas 2 for 
use in preparing oligonudeotide<yclic disulfide linkers as described in Example 24. 
and same related cyclic disulfides for use as anchor groups. 

Kaure 45 : Schematic diagram illustrating the structures described in Example 

a 35-base 5'-steroid disulfide oligomer 6 and Trembler phosphoranidc ? and S-lri- 
mercaploalkyl oligonucleotide 8. 
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DETAILED DESCRIPTION OF THE 

Nstwparticles useful in the practice of the invention include metal {e.g., gold, 
silver, copper and platinum), semiconductor (eg., CdSe, CdS, and CdS or CdSe 
coated with ZnS) and magnetic (e.g., fcrromagneme) colloidal materials. Other 
nanoparticles useful in the practice of the invention include ZnS, ZnO, Ti0 2 , Agl, 
AgBr, Hgl,. PbS, PbSe. ZoTe, CrJTe. ta;S„ feSoj, CdjP 2 , CdjAs,, InAs, and OaAs. 

diameter), more preferably from about 5 to about 50 nm, most preferably Horn about 

Methods of makiug metal, set 
well-known in the art. See, Simnid, G. (ed.) CUaim and Colloids (VCH, 
Weinhcim, 1994); Hayat, M. A. (erj.) Colloidal Gold: Principles. Methods, and 
Applications (Academic Press, San Diego, 1991); Massart, R., IEEE Tamnsactiom 
On Magnetics, 17, U47 (1981); Ahmadi, T.S. et al„ Science, 111, 1924 (1996); 
Henglein, A. el al„ J. Phys. Chan., 99, 14129 (1995); Curtis, A.C., et il.Angew. 
Cheat. Int. F.tL Engl, 27, 1530 (1988). 

Metiiods of making ZnS, ZnO, TiO., Agl, AgBr, Hgfc, PbS, PbSe, ZnTe, 
CdTe, toSj, InjSej, CdjP 2 , Cd^Si, InAs, and GaAs nanoparUcles are also known in 
the art. See, «.g., Weller, Angcw. Chem. hi. Rd. Engl., 32, 41 (1993); Henglein, Top. 
Or. Chem., 14J, 1 13 (1988); Henglein, Chem. Rev., 89, 1861 (1939); Bros, AppL 



eliaetti and Schiavello 1991), page 251; Wang and Herron, J. 
Phys. Oiem, 9S, 525 (1991); Olshavsky et al., J. Am. Chem. Soc, 112, 9438 (1990); 
Ushidaetal.,./. Phys. £»«*, 95. 5382 (1992). 

Inc (gold), Amersham Corporation (gold) andNanoprobes, Inc. (gold). 



Gold colloidal particles have high extinction coefficients for the bands. that give rise 
s change with particle size, 
snl of aggregation and shape (geometry) 
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21 (1974) (carbosylic acids on 
a. Chapter 6, (Wiley 1 979) (carboxylic acids on 
hi, J. Phys. Oim. , 69, 984-990 ( 1 965) (carboxylic acids 
[ubbard, J. Am. Chem. Soc., 104, 3937 (1982) (aromatic 
n); Hubbard, Acc. Chun, /to, 13, 177 (1980) (sulfolar.es, 

CAeui. Sk.. Ill, 7271 (1989) (isonilrifcs on platinum); Maoz and Sagiv, Langnmr, 3, 
1045 (1987) (siianes on silica); Maoz aud Sagiv, Lmemlr, 3, 1034 (1987) (sitae* on 
riJira); Wasserman ct al., Longmuir, 5, 1074 (1989) (siianes on silica); Eltckova and 
Eltekov, Lmgmuir, 3, 95 1 ( 1987) (aiomadc carboxylic acids, aldehydes, alcohols and 
niethoxy groups on titanium dioxide ami silica); Leo ct al., J. Pins. Chun.. 92, 2597 
(1988) (rigid phosphates on melals). 

Oligonucleotides ranctionalizod with a cyclic disulfide arc within the scope of 
lhis invention. The cyclic disulfides preferably have 5 or 6 aloms in their rings, 
including the two sulfur atoms. Suitable cyclic disulfides are available commercially 
or may be synthesized by known procedures. The reduced form of (he cyolio 



residue attached to a cyclic disulfide hove unexpectedly been found to be remarkably 
stable to thiols (e.g., dithiothreitol used in polymerase chain reaction (PCR) solutions) 
as compared to conjugates prepared using alkanethiols or acyclic disulfides astbe 
linker. Indeed, the oligonucleotide-nanoparlicle conjugates of the im 



atoms of a cyclic disulfide would have a chelation effect which would be 
advantageous in stabilizing the oli 
hydrophobic steroid residues of the linkers also ap[ 
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Ibc conjugates b\ 
molecules to the surfaces ofthe nancparticles. 

should preferably he close enough together so that both of the su' 



large hydrophobic surface screening the surfaces of the nanoparticles. 

The Dligonucleotide-cyclic nanopaniele conjugates that employ cyclic 
disulfide linkers may be used as probes in diagnostic assays for detecting nucleic 




i a BNA target to be amplified by ICS. can be carried through the 
ooling cycles of tbcFCR and are still able to delect the amplicons 
on of probes after 




contain other reagents and items useful for detecting nucleic acids or for 
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-oligonucleotide conjugate can bind lo a plurality of 
:ic acids having the complementary sequence. 



sequence are well-known. See, e.«„ Sambrook el al., Molecular Cloning; A 
Laboratory Manual (2nd cd. 1989) and F. Eckstein (ed.) Oligonucleotides and 
Analogues, 1st E4 (Oxford University Press, New York, 1991). Solid-phase 

ougodcoxyribomicleotides (the well-known methods of synthesizing DNA are alsi 
useful for synthesizing KNA). Oligoribomicleolidcs and ohgodeoxynbor cleo d 
can also be prepared eiffiymatically. 




scular dystrophy, 

phenylketonuria, sickle cell anemia), and cancers (e.g, genes associated with the 
development of cancer); in forensics; in DNA sequencing; for paternity testing; for 
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required. This makes them particularly suitable for use in, e.g., research and 
assist in prescribing a d 



detected directly in cells, tissue samples, biological fluids (e.g., safivu, urine, blood, 
scrum), solutions containing PCR components, solutions containing large excesses of 

the art. See, e.g., Sambrook el at.. Molecular Cloning: A Laboratory Manual (2nd 
ed. I9SS) and B.D. Haroes and S.J. Higgras, Eds., Gene Probes I (TRL Press, New 
York, 1 595). Methods of preparing nucleic acids for detection with hybridizing 
probes are well known in the art. See, e.g., Sambrook el at., Molecular Clmtitg: A 

15 laboratory Manual {2nd ed. 1989) and B.D. Hames and S.J. Biggins, Eds, Gene 
Probes 1 (DRL Press, New York. 1995). 

If a nucleic acid is present in small amounts, it may be applied by methods 
known in the art. See, e.g., Sambrook el al., Molecular Cloning: A Laboratory 
Manual (2nd ed. 1989) and B.D. Hames and S.J. HigginB, Eds., Gone Probe, I (IRL 

20 Press, New York, 1995). Preferred is polymerase chain reaction (PCR) amplification. 

One method according to the invention for delecting nucleic acid comprises 
contacting a nucleic acid with one or more types of nanoparticles having 
oligonucleotides attached thereto. The nucleic acid to be detected has at least two 
portions. The lengths ofthese portions and the distanceCs), if liny, between tli em are 

25 chosen so that when the oligonuclcoudes on thonanoparticles hybridize to the nucleic 
acid, a detectable change occurs. These lengths and distances can be determined 
empirically and will depend on the type of particle used and its size and the type of 
electrolyte which will be present in solutions used In the assay (as is known in the art. 
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sequence so that detection ofthe nucleic acid wiU be specific. Guidelines for doing so 

Although nucleic acids may contain repealing sequences close enough to each 
other so that only one type of oligonuclajridc-naiioparticlc conjugate need be used, 
this will be a rare occurrence. In general, the chosen portions ofthe nucleic acid wijl 



example of a system for the deteclioD of nucleic acid is illustrated in Figure 2. As can 

complementary to a first portion ofthe target sequence in the single-stranded DNA. 

5 has a sequence 
in the DNA. Additional 
nanoparticles. Sec Figure 



in a dry ice-alcohol bath for a sufficient time for the soli 
about I minute for 100 :l of solution). The solution must be thawed at a tompen 
below the thermal denaturation temperature, which can conveniently be room 
30 temperature for most combinations ofnancp ajtjcle-oligonucleotide conjugates ai 



(190) 



JP 2004-501340 A 2004. 1. 15 



nucleic acids. The hybridization is complete, and the detectable change may be 
observed, alter thawing the solution. 

The rate of hybridization can also be increased by warming the solution 
containing the nucleic acid to he detected and the nanoparticle-oligonucleotide 
5 conjugates to a temperature below the dissociation temperature (Tm) for the complex 
formed between the oligonucleotides on the nanoparticles and the target nucleic acid. 
Alternatively, rapid hybridization eat. be achieved by heating above the dissociation 
. temperature (Tm) and allowing the solution to cool. 

The rate of hybridization can also be increased by increasing the salt 



10 eoncenrration(e. ? .,fromO-l M to 0.3 M NaCl). 

The doteciablo change thai occurs upon hybridization of the oligonucleotides 




observed with the naked eye or microscopically. Preferred are changes observable 
with the naked eye. Particularly preferred is a color change observable with the naked 
eye. 

20 The observation of a color change with the naked eye can be mark more 

readily against a background of a contrasting color. For instance, when gold 
nanoparticles are used, the observation of acolor change is facilitated by spotting a 
sample of the hybridization solution on a solid while surface (such as siUca or alumina 
TI.C plates, filter paper, cellulose nitrate membranes, and nylcn membranes, 

2S preferably a C-1S silica TLC plate) and allowing the spot to dry. Initially, the spot 
retains the color of the hybridization solution (which ranges from pink/red, in the 
absence of hybridization, to purplisli-rcd/purple, if there has been hybridization). On 
drying at room temperature or ROT (temperature, is not critical), a blue spot develops 
if the nanopartiele-oligonucleotide conjugates had been linked hy hybridization with 

30 the target nucleic acid prior to spotting. In the absence of hybridization {e.g., because 
no target nucleic acid is present), die spot is pink. The blue and the pink spots are 
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stable and do not change on subsequent cooling or healing or over time. They provide 
hybridized and unhybridized nanoparticlc-oligonucleotidc co 



An alternate method for easily visualizing Use assay results is to spot a sample 
of nanoparticle probes hybridized to a target nucleic acid on a glass fiber BUer 
Borosilicalc Mierofiber Filter, 0.7 micron pore size, grade 1-G7S, for use with gold 
nanoparticles 13 tint "m size), while drawing Ihe liquid through the filter. Subsequent 
rinsing with water washes (he excess, non-hybridized probes through the filter, 
leaving behind an observable spot comprising the aggregates generated by 
hybridization of the rianopartichv probes with the target nucleic acid (retained because 
these aggregates are larger than the pores of the filter). This technique may provide 
for greater sensitivity, since an excess ofnanoparticle probes can be used. 
Unfortunately, the nanoparticle probes sticlt to many other solid surfaces thai have 
been tried (silica slides, reverse-phase plates, and nylon, nitrocellulose, cellulose and 
other membranes), and these surfaces cannot be used. 




25 in the example i 



complementary to thai of this third 
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portion (see Figure 3). When the filler oligonucleotide hybridizes Willi Ihe third 
portion of Ihe nucleic acid, a double-stranded segment is created, thereby tillering the 

illustrated in Figure 3 may increase the sensitivity of the detection method. 

Some emtwdimems of the method of detecting nucleic acid utilize a substrate. 



other polymers), opaque solid surface (eg. , white solid surfaces, suoh as TLC silica 
plates, filter paper, glass fiber filters, cellulose nitrate membranes, nylon membranes), 
and conducting solid surfaces (e.f„ indium-liu-oxide (1TO)). The substrate can be 
any shape or thickness, but generally will be flat and thin. Preferred arc transparent 
substrates such as glass (eg., glass slides) or plastics (eg., wells of microliter plates). 

led in, eg., Christy el a)., 
Nucleic Acids Res., 24, 303 1-3039 (1996); Chriscy ct a]., Nucleic Acids Res., 24, 

Nuckic Acids Res., 22, 492 (1994); Bottomley el al,,/ Vac. Sci. Teclmol. A, 10, 591 
(1992); andHegner elal, FEBSUli., 3J6, 452 (1993). 



c substrate under conditions effective to allow hybridization of the 
on Ihe substrate with the nucleic acid. In Ibis manner the nucleic 

e. Any unbound nucleic acid is preferably washed 
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type of nanoparticles become bound lo the substrate. After the nanoparticlc- 



The oligonucleotides on the first type of nanoparticles may all have the same 
.once or may Have different sequences that hybridize with different portions of the 

cle may have all of the different oligonucleotides Cached to it or, 




if which must hybridize with a portion of Ihe nucleic acid to be delected 
(see Figure 2SB). 

Finally, the first type of nanoparticlc-oligonucleotide conjugates bound to the 
I 5 substrate is contacted with a second type ofnanoparlicles having oligonucleotides 
altached thereto. These olisonucleotides have a sequence complementary to at least a 
portion of the sequence^) of the oligonucleotides attached to the first type of 
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>e. This amplification increases the sensitivity of the assay, allowing 
small amounts of nucleic acid 

J, additional layers of nanopanicles can be built up by successive 



10 of hybridization with bmdmjt oligonucleotides could be used. 

Methods of making the nanoparticlcs and the oligonucleotides and of atlachins 

system employed (sec above). 

15 An example oflhis method of dtnecUns nucleic acid (analyte DKA) is 

illustrated in Figure 13A. As shown in that Figure, the combination of hybridiiations 
produces dark areas where nanoparticle aggregates arc linked to the substrate by 
analyte DKA. These dark areas may be readily observed with the naked eye using 
ambient liaht, preferably viewing the substrate againsl a white background. As can be 

20 readilyseen fromFigutel3A,trusrnethodprovid«amean6of,™p1if)'faga 




Nanoparlicles can be attached to substrates as described in, e g., Grabar et al.. Amfyt. 
Ckem., «7, 73-743 (I 995); DelheM et al, J. Bkanawl. Chan.. 409, 137 (1996); Bar 
et al., Umgam, 12, 1 1 72 (1996); Coivin et al, J. Am. Cher,:. Soc, 1 14, 5221 (1 992). 

After the nanoparticles are attached to tire sui 
anached to the nanoiiarlioles. This may be accomplished in the san 
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unbound binding oligonucleotides are washed from the substrate. 

Finally, a third type of nanoparticles having oligonucleotides attached lb 
is provided. The oligonucleotides hare a sequence complementary ro the scquc 
a second portion of the binding oligonucleotide. The nauoparticle-oligonuctcol 



oligonucleotides on the nanoparticles. After the nanopaiticles 
nsnoparlicle-oligonucleotidc conjugates are washed from the substrate. 

Tho eombinalion of hybridizations produces a detectable change. The 
delectable changes are the same as those described above, eiccpt that the multiple 
hybridizations result in an amplification of the delectable change. In particular, since 



tes may he hybridized to more 
tucleic acid to be detected. The amplification provided by the 
,le for the first lirac or may 
Tie amplification increases the 
the assay, allowing for detection of small amounts of nucleic acid. 



is of the binding oligonucleotides and second anc 
a. Inthisway.thenanoparricl 
25 of target nucloic acid can be farther mcieased with a corresponding increase in 
intensity of the signal. 

Also, the use of the binding oligonucleotide can be eliminated, and the second 
and third types of iianoparticle-oligonucleolide conjugates can be designed so that 
they hybridize directly to each other. 
30 ■ Methods of making the nanopaiticlcs and tho oligonucleotides and of attaching 
the oligonucleotides to the nanoparticles are deseril 
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liposome may have all of die different oligonucleotide 



linked to a hydrophobic group, such as cholesteryl (see Lelsinger et al., J. Am. Chan. 
Soc.. ,115, 7535-7556 (1993)), and the hydrophobic-oligonucleotide conjugates ore 
mixed with a solution of liposomes to form liposomes with hydrophobic- 
oligonucleotide conjugates anchored in the membrane (see Zhang e( al. Tetrahedron 
Lett, 37, 6243-6246 (1996)). Tie loading of hydrophobic-oligonucleotide conjugates 
on the surface orrhe liposomes can be controlled by controlling the ratio of 
hydrophobic-oligonucleotide conjugates to liposomes in the mixture. It has been 
observed that liposomes bearing, oligonucleotides attached by hydrophobic interaction 
of pendeut cholesteryl groups are effective in I 



lllulose membrane (/</.)• Fluorescein groups anchored iu the membrane of 
the liposome were used as the reporter group. They served affectively, but sensitivity 
was limited by the fact that the signal from fluorescein ill regions of high local 
concentration (e.g., on the liposome surface) is weakened by self quenching. 

The liposomes are made by methods well known in the an. See Zhang et al., 
Tetraliedrm Lett., 37, 0243 (1996). The liposomes will generally be about 5-51) limes 
larger in si« (diameter) tb: 
for oanopanicles about 13 nm in dis 
preferably used. 

The liposomes bound to the substrate are contacted with a first typa of 
naropmticles having at least a first type of oligonucleotides attached thereto. The Brst 
type of oligonucleotides have a hydrophobic group attached to the end not atlached to 
the nanoparticles, and the contacting talces place under conditions effective to allow 
attachment of the oligonucleotides on the nanoparticles to the liposomes as a KBUlt of 

The method may further comprise contacting the first type of iiaiioparticlc- 
isomcs with a second type o f 
^id thereto. Trie first type of nanoparticles 
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the second type of oligonucleotides on the iirst type of nanopar 
lakes place under conditions effective to allow hybridization of the oligonucleotides 
on the 6rel and second types of nanoparlicles. This hybridization will generally be 
performed atmild temperatures (e.g.. 5°Cto 60°C), so conditions (eg., 0.3-1.0 M 
NaCl) conducive to hybridization at room temperature are employed. Following 





25 additions of the Erst and second types of nanoparticlc-oligonuclcotide conjugates. In 



conjugates designed to hybridize to each other directly, nanoparlicles bearing 
of hybridization with binding oligonucleotides could be us< 



(200) 



JP 2004-501340 A 2004. 1.15 




(201) 



JP 2004-501340 A 2004. 1. 15 



complementary lo the sequence a' of the second type of oligonucleotides on the 
second type of namsparticles (see Pigurc 28B) so thai the two types of nanopsnide 
hybridize to each other to form the aggregate piobe. Since each type of tumopsrtic 
has a plurality of oligonucleotides attached to it, each type of rumoparticles will 
hybridize to a plurality of the other We of nanoparticles to form an aggregate 



The aggregate probe can be utilized to detect nucleic acid in any of the above 
ay formats performed on a substrate, eliminating the need to build up layers of 
ividual natiopanicles in order lo obtain or enhance a detectable change. To even 
lie change, layers or aggregate probes out be built up by 
He probes, the first type of aggregate probe having 



other type of aggregate probe. In particular, when the aggregate pi 
illustrated m Figure 28B, the aggregate probes can hybridize to ex 
multiple layers. Some of the possible assay formats utilizing aggn 



porHoo of the target nucleic acid having sequence 
change. Alternatively, the target nucleic acid can D rst be hybridized to the aggregate 
probe in solution and subsequently hybridized to the oligonucleotides on the substrate, 
or Iho target nucleic acid cau simultaneously be hybridized to the aggregate probe and 
the oligonucleotides on the substrate. In another embodiment, the target nucleic acid 



(202) 



JP 2004-501340 A 2004. 1.15 



target nvcleic acid and some of lire oligonucleotides attached to this additional type of 
natroparticles comprise sequence d so that Ihcy can subsequently hybridize to 



The core itselfcan also be used as a probe to detect nucleic acids. One 
5 possible assay format is Illustrated in Figure ME. As Illustrated there, a type of 
e b is attached to a substrate. Sequence b is 
the sequence b' of a portion of a nucleic acid to be detected. The 
'ed to hybridize to the 
ler type of nauoparticles is 
led to this additional type of oouopartioles 
is complementary to sequence c' of the target nucleic 
acid so that the nanoparticlcs hybridize to the target nucleic acid bound to the 
substrate. Some ofthe oligonucleotides attached lo the additional type of 
uanoparttcles comprise sequence 



attached to the nartoparticles which comprise the core, die core probes can hybridize 
to each other to form multiple layers attached to the substrate, providing a greatly 
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(he assay is performed in one of the ways described strove using appropriate 

aggregate probes, core probes, and binding oligonucleotides. 

Finally, when a subslrate is employed, a delectable change can be produced or 
5 briber enhanced by silver staining. Silver staining cat be employed with any type of 
nanoparticles that catalyze the reduction of silver. Preferred are nanoparticles made 
of noble metals (e.g., gold and silver). See Bassell, et at., J. Cell Biol., 136. 863-876 
(1994); Braun-Howlaad et »L, Btoudmlmus, 13, 928-931 (1992). If the 
nanoparticles being employed for the detection of a uucleic acid do not catalyze the 



Ihe reduction. See Braun et al., Nulure, 391, 775 (1998). Also, silver stains are 
an react with the phosphate groups on nucleic acids, 
ler staining can be used to produce or enhance a detectable change in 



15 staining has been found to provide a huge increase in sensitivity for assays employing 
a single type of nsnopatticle. such as the one illustrated in Figure 25 A, so that the use 
of layers of nanoparticles. aggregate probes aud core probes can often be eliminated. 
In assays for detecting nucleic acids performed on a substrate, the detectable 



to the invention (e.g„ a flatbed scanner modified to include a bolder for the substrate) 
(to date, it has not been foil 



is laTgerthan a single pixel of the scanner. The scanner can be used v 
any subslrate, provided that the detectable change produced by the assay can be 
observed against the substrate (<?.£., a grey spot, such as that produced by silver 
staining, can be observed against a white background, but cannot be observed agait 
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• scan documents into computers Such scanners are inexpensive and readily 
ile commercially. For instance, an Epson Expression 036 (600 x 600 epi), a 
10(1 X 3(10 dpi), or a Microtec 1600 (1600 x 1 600 dpi) can be 



The software cat 

which is readily available commercially, such as Adobe Photoshop S.l and Corel 
Pholopainl 8.0. Using the software to calculate grayscale measurements provides a 
means of quantitatjng the results of the assays. The software can also provide a color 
number for colored spots and can generate images (e.g., printouts) of the scans which 




me first portion and different second portious car 
54 in which case the "universal prooe", aftev hybridization to the binding 
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(1956) (glass) and Charreyre <t al., Ltmgmrir, 13, 3103-31 10 (199?), Miy el al„ 
Nucleic Acids Research, 21, 1 819-1 826 (1993), Elaissari et al., J. Colloid Interface 
Sci., 202, 251-260 (1998), Kolarova et al, Die-techniques, 20, 196-198 (1996) and 
Wolf et al, Nucleic Acids Remnh, 15, 291 1-2926 (1987) (polymer/latex). In 
particular, a wide variety of functional groups are available on the particles or can be 
incorporated into such particles. Functional groups include carboxylic acids, 
aldehydes, amino groups, cyano groups, ethylene groups, hydroxyl groups, mercapto 



variety of fluorescent molecules useful in such combinations a 
and are available from, e.g., Molecular Probes. An attractive combination is 

an as the donor and Texas Red as acceptor. The two types of oanoparticle- 



light of the wavelength that excites d, and the mixture will be monitored for 

1 a will be brought in proximity (sec 

Figure 20B). In the 

ivn by a shift in ilu 
20 appearance of fluorescence for a in addition to that for A. h 



and semiconductor nanopartlcles, lack of hybridization will be shown by a lack of 

fluorescence due to d or a because of quenching (see above). Hybridization will be 



oligonucleotides labeled with a« 



bstratcs. For solution formats, the oligonucleotide sequences are preferably 
that they bind to the. target nucleic acid as illustrated in Figures 15A.-G. In 
re 13A-B and 18, the binding oligonucleotides may be used 
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5 detectable signal or a change in detectable signal upon hybridisation. 

Another embodiment of the detection method of the invention is a very 
sensitive system that utilizes detection ofchanges in fluorescence and color 
(illustrated in Figure 21). This system employs latex microspheres to which arc 
attached oligonucleotides labeled with a Duorescent molecule and gold nanoparticles 
10 to which are attached oligonucleotides. The ougonuclcotide-nanoparticle conjugates 
can be prepared as described above. Methods of attaching oligonucleotides to latex 
microspheres are well known (see. «.«., Charreyre ei al„ LimgimHi; 13:3103-31 10 
(1997); Elaissori et al, J. Cnihid Interface Sal., 201:25 1-260 (1998)), as are methods 
of labeling oligonucleotides with fluorescent molecules (see above). The 

nanoparticles have sequences capable of hybridizing with different portions of the 
sequence of a target nucleic acid, but not with each other. When a target nucleic acid 




20 structure is formed (see Figurc2t). Due to the quenching properties of the gold 
nanoparticles, the fluorescence of the oligonucle6tides attached to the latex 
microspheres is quenched while pan of Ibis network. Indeed, one gold nanoparticle 
can quench many fluorophore molecules since gold nanoparticles have very large 
absorption coefficients. Thus, the fluorescence of a solution containing nucleic acid 

elimination of, fluorescence indicating a positive resxdt. Preferably, however, the 
results of the assay are detected by placing a drop's! of tte solution onto a 
microporous material (see Figure 21). The microporous material should be 
transparent or a color (e.g„ white) which allows for detection of the pink/red color of 
30 the gold nanoparticles. The microporous material should also have a pore size 
sufficiently latgeto allow tho gold nanoparticles to pass through the pores and 
56 
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5 also be inert to biological media. Many suitable microporous materials are known in 
the art and include various fillets and membranes, such as modified poiyvinylidene 

Corp.) and pine cellulose acetate (such as AcetatcPlus™ membrane niters purchased 
from Micron Separations Inc.). Such s microporous material retains the network 
10 composed of target nucleic acid and the Iwo probes, and a positive result (presence of 



nucleic acid. As noted above, this detection method exhibits high soisitivity. As 
little us 3 femtomoles of single-stranded target nucleic aeid 24 bases in length and 20 
femtomoles of double-stranded target nucleic acid 24 bases in length have been 
detected with the naked eye. The method is also very simple to use. Fluorescence 
can be generated by simply Morn mating the solution or microporous material with a 
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particular reference to latex 



Jid uanoparticles having other measurable properties may be 



can be modified to have any desirable property, such as fluorescence, color, or 
electrochemical activity, can be used. See, Watson et J. An: Chen. JV-, 1 2J , 
«2-463 (1999) (polymer-modified gold nanoparticles). Also, magnetic polymer- 

281, 2016 (1998); Bnichraelsl.Sdaies, 281, 2013 (1998); Kolarova et al, 
Bioltdmiques, 20, 196-198 (1996). 

nanoparticlfcs having oligonucleotides labeled with fluorescent molecules attached to 
led in figure 22). The oligonucleotitJe-nanoparlicle 



conjugates have sequences capable of hybridizing with different portions of the 
sequence of a target nucleic acid, but not with each other. When a target nucleic acid 



ssults of the assay are detected by placing a droplet of the solution <n 
material (see Figure 22). The microporous material should have a p 
size sufficiently targe to allow the nanoparlicles to pass through the pores and 
sufficiently small to ret3in the network on the rarfaco of the microporous material 
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« Figure 22) 



a raicroporous material retains the network composed of larger nucleic add and the 
two probes, and a positive result (presence of the target nucleic acid) is evidenced by 
5 a lack of fluorescence (due to quenching of fluorescence by the metallic or 

semiconductor nanoparticlcs) (see Figure 22). Anegative result (no targctnucleic 
acid present) is evidenced by fluorescence because the nanoparticlcs would pass 
through the pores of the microporous mcterial when it is washed (so no quenching of 

10 because unbound probes are washed away from the detection area. In addition, in the 



on reached. Therefore, by looking at 



employed in front-face mode to measure Ihe fluorescence of the solution with a si 
path length. 

In yet other embodiments, a "satellite probe" is used (see Figure 24). The 




comprise at least a Erst portion aru 
complementary to portions of the sequence of a target nucleic acid (see Figure 24). 
30 The satellite probe also comprises probe oligonucleotides. Each probe 

oligonucleotide hss at least a first portion and a second portion (see Figure 24). The 
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first portion of toe sequence of the oligonucleotides immobilized on the centra) 

oligonucleotides are brought into contact, the oligonucleotides on the particle 
5 hybridize with the probe oligonucleotides to form the satellite probe (see Figure 2>. 
Both the first and second portions of the probe oligonucleotide 
portions of the sequence of the target nucleic acid <see Figure 24). Each probe 
oligonucleotide is labeled with a reporter molecule (see Figure 24), its further 
described below. The amount of hybridization overlap between the probe 
)0 oligonucleotides and the target (length of the portion hybridized) is as large as, or 
greater than, the hybridizi 



to tho particle (see Figure 24). Therefore, temperature 



cycling resulting in dehybridization and rehybridization would favor moving the 

urget. Then, the particles are 



(FejO,)areavailabI 
(Dymbeads™) and Bangs Lai 
Fe,0, nanoparticles could be modified (Liu el al., Chem. Mala:, 10, 3936-3940 
(1 998))usijlg well-developed silica surface chemistry (Chrisey et al., M«fcic Acids 
Rsseai-cb. 24, 303 1-3039 (1 99(5)) ami employed as magnetic probes as well. Further, 
the dye molecule, 4-((4-(dimcmylammo)phcnyl)-azo)fcmzoic, acid (OABCYL) has 
been shown to be an efficient quencher of fluorescence for a wide variety or 
fluorphores attached to oligonucleotides (Tyagi et a)., MMm 8io«ri ., 16, 49-53 
(1998). The commeretoUy-available sueeinimidyl ester of DABCYL (.Molecular 

ds upon reaction with primary alkylamino 
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directly to the surface-bound oligonucleotide, instead of the alkyl amino-modified 
5 surface. The satellite probe comprising the prohe oligonucleotides is brought into 

particle to the target. Detection is accomplished hy applying a magnetic field and 
removing the particles from solution and measuring the fluorescence of the probe 

10 oligonucleotides remaining in solution hybridized to the target. 

This approach can be extended to a colorimelric assay by using magnetic 
particles with a dye coating in conjunction with prohs oligonucleotides labeled with a 
dye which has optical properties that are distinct from the dye on the magnetic 
nauoparticies or perturb those of tire dye on the magnetic nanoparticles. When the 

15 particles and the probe oligonucleotides nre in solution together, the solution will 
exhibit one color which derives from a combination of the two dyes. However, in the 




This approach also can be further extended to an electrochemical assay by 
using an oligonecleotide-magnetic particle conjugate in conjunction with a probe 
25 oligonucleotide having attached a redox-active molecule. Any modifiable redox- 




synthesis from 6-bromohexylferrocene. In a typical preparation, «- 
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bromohczylfenwcne is stirred in an aqueous UMPA solution at 120°C for 6 hours to 
from 6 -hydroxyhexylferrocene. After purification, the 6-hvUroxybexylfercocenc is 
added to a THF solution of N,N-diisopropylelhylamine and bcta-cyanoelhyl-N.N- 
diisopropylchlorophosphotamide to form the fcrroccnylphosphoramMlte. 
5 OllgoniKleotide-raodirjed polymer-coattd gold nanopartictes, where the polymer 

contains elMtrochemically-aclive ferrocene molecules, coold also be utilized. Watson 

(e.g., anhydrides) could be incorporated into the polymer for reaction with amino- 
modified oligonucleotides. Moller ct at., Bioamjugote Oiem., <r, 174-17« (1995). In 
10 Hie presence of target and with temperature cycling, the rednx-aetive probe 




is not a conductor of elccnidty(e.g., glass, quartz, polymers, plastics). The 
electrodes may be mode of any standard material (eg., metals, such as gold, platinum, 
tin oxide). The electrodes can be fabricated by conventional microfabrication 
techniques. See, e.g., Introduction To Microtithography (LF. Thompson et al„ eds., 

plurality of pairs of electrodes located on it in an array to 
multiple portions of a single nucleic aoid, th( 
acids, or both. Arrays of electrodes can be purchased (e.g.. frc 
Inc., Richmond, Virginia) or can be made by conventional microfabrication 
techniques. See, e.g. . Introduction To Miaolilhograph]/ (I-.?. Thompson et aL , ec 
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It of metal, such u gold 
nanop-artlcles, and semiconductor materials. The ntuioparticles will have one 
types of oligonucleotides attached to them, at least one of the types of 




delectable change in conductivity. Another wayto close the circuit in the case where 
the addition of a single type of nanoparticles is not sufficient, is to contact the first 
i a second type of nanoparticles 
.ttacheii to them that have a sequence complementary to the 
rsl type of naooparticles. The contacting will take place 
«s effective so that the oligonucleotides on the second type of 
nanoparticlc hybridize to those on the first type of oligonucleotides. If needed, or . 
desired, additional layers of nanoparticles can be built up by alternately adding the 
first and second types of nanoparticles until a si 
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sequence of a second portion of the nucleic acid and a second container holding 
nanopaitides having « least a first type of oligonucleotides attached thereto, the fil 
type of oligonucleotides having 8 cholesteryl group attached to the end not allacber 



is Hie kit ma 



oligonucleotides attached to the first type of nanoparticles. The second type of 
oligonucleotides attached <o the first type of nanoparticles having a sequence 
complementary to the sequence of the oligonucleotides on too second type of 



Ihera. The itaoonarticles of Ihe aggregate probe ate bound to each other as a result of 
(he hybridization of some of the oligonucleotides attached to each of ihero. At leasi 
one of the types of nanoparticles of the aggregate probe lias oligonucleotides attached 
to it which have a sequence complementary to a second portion of the sequence of lie 
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types of nanoparticles having oligonucleotides attached to (htm The mmoparticles of 
the aggregate probe arc bound to each o to as a result of the hybridization of some of 
the oligonucleotides attached to each of (hem. At least one ofthe types of 

5 nanoparticles of the aggregate probe has oligonucleotides attached thereto which have 
a sequence complementary to asccond portion ofthe sequence ofthe nucleic acid. 

In an additional embodiment, the kit may comprise a substrate having 
oligonucleotides attached to it and a first container holding an aggregate probe. The 
aggregateprobe comprises at least wo types ofnanopartieles having oligonucleotides 

10 attached to them. The nanoparticles of The aggregate probe are bound 10 each other as 
a result ofthe hybridization of some ofthe oligonucleotides attached to each of them. 
At least one of the types of nanoparticles of the aggregate probe has oligonucleotides 
attached to it which have a sequence complemefflary to a first portion ofthe sequence 



15 The nanoparticles have at least two types of oligonucleotides attached to them. The 
first type of oligonucleotides has a sequence complementary to a second portion of 
the sequence of the nucleic acid. The second type of ohgonvtcleotides has a sequence 




30 to it which have a hydrophobic groups attached to the ends not attached to the 
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In a fanner embodiment, the kit may comprise a first container holding 




portion of the sequence of the nucleic aci 
10 the kit comprises a container holding one We of nanoparticles having 



Each of rite types of binding oligonucleotides has a sequence comprising at least tan 
portions. The first portion is complementary to the sequence of the oligo; 




to the particles. The set 

which have a sequence complementary to the sequence of i 
nucleic acid. The oligonucleotides are labeled with an energy acceptor on the 
not attached to the particles. T) 



have a sequence complementary to a Orel portion of the sequence of a nucleic acid 
and are labeled with a fluorescent molecule. The kit also comprises a second 
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to i fits! portion oflhe . 




In an additional embodiment, the kit may comprise a container holding an 
aggregate probe. The aggregate probe comprises at lea 
having oligonucleotides attached to them. Thenanopurlicles of the aggregate probe 
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areljound to each other as a result of the hybridization of some of the 
oligonucleotides attached to each of them. At least one ofthc types of nanoparticles 
of the aggregate probe has oligonucleotides attached to it which have a hydrophobic 




hybridization reagents, buffers, etc. Other items which may be provided as part of the 
kit include a solid surface (for visualizing hybridization) such as a TIC silica plate, 



1 5 microporous materials, syringes, pipettes, cuvettes, containers, and a thermacycler 
(for controlling hybridization and de-hybridization temperatures). Koagats for 
funetionalizing the mioleol ides or romoparticlw may also be included in the kit. 

The precipitation of aggregated nanoparticles provides a means of separating a 
selected nucleic acid from other nucleic acids. This separation may be used as a step 

20 ill the purification of the nucleic acid. Hybridization conditions are those described 
above for delecting a nucleic acid. If the temperature is below the Tm (the 
temperature at which one-half of an oligonucleotide is bound to its complementary 
strand) fcr the binding of the oligonucleotides on the nanoparticles to the nucleic acid, 
then sufficient time is needed for the aggrcgute to settle. The tempcratUK of 

25 hybridization (e.g.. as measured by Tro) varies with the type of salt (NaCl or MgCl 2 ) 

hybridization ofthc oligonucleotides on the nanoparticles to 1he nucleic acid at 




30 The invention also provides a method of nanofabrication. The method 

comprises providing at least one type of linking oligonucleotide having a select 
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5 forming Hie triple strand, one m 

motif (Moser, H.E. and Dervan, P.B. Scu 
purine:purine;pyrimidtoe motif (Pilch, D 
An example of the organization . 

>rs by the pvrimidine:puriite:pyrirnidirie motif are 




oligonucleotides is designed such thai the nanoparticles are separated by the double- 
stranded oligonucleotide formed on hybridization. Then, a ftee pyrrolidine 
oligonucleotide with an orientation opposite thai for the pyrimidine Strand lioV-ed to 
the nanoparticle is added to the system prior to, simultaneously -with, or just 
subsequent to miM'ni the nanoparticles. Sinco the drird strand to this system is held 
by Hoogsteen base pairing, tbe triple strand is relatively unstable thermally. Co»alcm 
bridges spanning the breadth of the duple* are known to stabilize triple-stranded 
complexes (Sahmlte, M., Wu, T., Utsinger. RX., J. Am. Chem. Soc. 114, 8768-8772, 
(1992). Lctsinger, R.L. and Wu, T. / Am Chum. Sk.,U 7, 7323-7328 (1995). 




argon irradiation with ultraviolet light 
(340 lira) (Lewis, F.D. et a). (,\09i)JAm. dim. Soc 517, 8785-8792). 
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oxidizing agents, sncb as potassium triiodkle, potassium ferricyanide (seo G 
30 andJ^tsingcr,Wucfe/c^i;/&Se!sarcA,2],1403)oroxygen,oreprofoired. 
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to addition, the properties of the run 
altered by incorporating into the interc 

oligonucleotide chains. A wide variety of backbone, base and sugar modifications are 
v/cll known (see for example Uhlmarai, E., and Peyman, A. Chemical Reviews, 90, 
544-584(1990). Also, tire oligonucleotide chains could be replaced by "Peptide 
Nucleic Acid" chains (PNA), in which the nucleotide bases are held by a polypeptide 
backbone (see Witttrng, P. et bI.,Miimm, 368, 561-563 (1994). 

As can he seen from Ibc foregoing, Ihe nmofabrication method Of lie 
invention is extremely versatile. By varying the length, sequence and strandedness of 
the linking oligonucleotides, the number, length, and sequence of the binding portions 
of the linking oligonucleotides, the length, sequence and number of the 



be prepared. These str 
oligonucleotides, by backbone, base or sugar modifications of the oligonucleotides, or 
al can be made by Ihe nanofabrication 
lio-filters, and biochips. It is contemplated tha 




As shown in Example 21 below, 
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can be determined empirically. Generally, a surface density of at least 10 
picomoles/cm : will be adequate to provide stable nanopaiticle-oligonucleotide 
conjugates. Preferably, the surface density is at least 1 S picomolcsW\ Since the 
ability of the oligonucleotides of (he conjugates lo hybridize with nucleic acid and 
5 oligonucleotide targets can be diminished if Itvo surface density is too great, the 
surface density is preferably no greater than about 35-40 picomolesW. 



As used herein, "stable" means that, for a period of at least six months after 
the conjugates are made, a majority of the oUgonuclcotides remain attached to the 




Aside from their stability, the nanoparticle-oligonucleotide conjugates made 
by this method exhibit other remarkable properties. See, e.g.. Examples 5, 7, and 1 9 
of the present application. In particular, due to the high surface density of the 

1 5 conjugates, they will, assemble into large aggregates in the presence of a target 

nucleic acid or oligonucleotide. The temperature oyer which the aggregates form and 
dissociate has unexpectedly been found to bequtte narrow, and this unique feature has 
important practical consequences. Iri particular, it increases the selectivity and 
sensitivity of the methods of detection of the present invention. A singlebase 

20 mismatch and as little as 20 femlomoles of target can be detected using the 

conjugates. Although these features were origioally discovered in assays performed 
in solution, the advantages of the use of these conjugates have been found to extend to 
assays performed on substrates, including those in which only a single type of 
conjugate is used. 




30 oligonucleotide target. In this embodiment, the recognition oligonucleotides comr. 
a recognition portion and a spacer portion, and it is the recognition portion which 
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olignucleotidcs orlo thai of the nucleic acid 01 oligonucleotide target of the 

oligonucleotides can bind to their nucleic acid or oligonucleotide targets, tf the 
5 recognition oligonucleotides comprise spacer portions, the diluent oligonulccoUdcs 
are, most preferably, about the same length as the spacer portions, hi this manner, the 
diluent oligonucleotides do not interfere with the ability of the recognition portions 
of (he recognition oligonucleotides to hybridize with nucleic acid or oligonucleotide 
targets. Even more preferably, the diluent oligonucleotides have the same sequence as 
10 the sequence of the spacer portions of the recognition oligonucleotides. 

conjugates can be prepared by employing all of the methods described above. By 
doing so. stable conjugates with tailored hybridation abilities can be produced. 
Any ofthc above conjugates can be, and are preferably, used In any of the 

kit comprising a container holding any of the above conjugates, 
conjugates can be, and arc preferably, used in any of the 
of (he invention and the method of separating nucleic acids. 
It is to be noted that the tenn "a" or "an" entity refers 
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citrate as described in Frens, Nature Phys. Stf., 241 , 20 (1973) an, 
67,735(1993). Briefly, all glassware was cleaned in ao.ua regia (3 parts HCl, 1 pan 
HNO,). rinsed with Nanopure 1I 2 0, then oven dried prior to use. HAuCU and sodium 
citrate were purchased from Aldrich Chemical Company. Aqueous HAuCli (I mM, 500 
aiL) was brought to reflux while stirring. Then, 38.8 nu\I sodium citrate (50 mL> was 
added quickly. The solution color changed from pale yellow to burgundy, and wfltwing 
was continued for 15 mm. After cooling to n»m temperature, the red solution was 
filtered through a Micron Separations (nc. I micron filter. Au colloids were 
characterized by UV-vis spectroscopy using a Hewlett Packard 8452A diode array 
spectrophotometer and by Transmission Electron Microscopy (TEM) using a Hitachi 
8100 transmission electron microscope. Gold particles with diameters ofl3 nm will 
produce a visible color change when aggregated with target and probe oligonucleotide 



Oligonucleotides were synthesized on : 



Eckstein, F.fac 

Osfoid, 1991). All solutions were pureliased from MilhgencfDNA synthesis grade). 
Average coupling efficiency varied from 98 to 99.8%, an. 
25 (DMT) protecting group was not cleaved from the oligonucleotides to aid in i 

For 3Mbiol-oligonucleotides, Thfol-ModiBw C3 S-S CPO support was purchased 
from Glen Research and used in the automated synthesizer. During noi 
from the solid support (1 6 hr at 55' C), 0.05 M dilru'oltireiiol (DTT) "a 
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NH,OH solution to reduce the 3' disulfide to the thiol. Befo 
pliase high pressure liquid chromatography (HPLC), excess 
extraction with ethyl acetate. 

For 5'-thiol oligonucleotides, S'-Thiol-Modifier Ci-phosphotamidilc reagent was 
en Research, 44901 Falcon Place, Sterling, Va 201 66. The 

1 mlofdryawlonirrilewisaddcdto 100 umole of the 5' Thiol Modifier C s - 

:e. 200 ul. of the arnidite solution and 200 pi of activator (fresh from 




15 mixture ofCHjCN pyridine (2 xlmL)f( 

»cetonitrile{2 x I ml) with subsequent drying of 
The trityl protecting group was not removed, which 



a Hewlett Packard ODS hypersil column (4,6 x 200 mm, 5 mm particle size) using 0,03 
M EtjNH* OAc buffer (TEAA), pH 7, with a 1 Wmin. gradient. of 95% CHjCN/5% 
TEAA. The flow rate was 1 ml/ min. with UV detection at 260 nm. Preparative HPLC 



After collection and evaporation of the buffer, the DMT was cleaved from the 
oligonucleotides by treatment with 80% acetic acid for 30 min at room tempcratu 
solution was then evaporated to near dryness, water was added, and the cleaved E 



S3 



(235) 



JP 2004-501340 A 2004. 1. 15 



WO 01/S.lSM 



The same protocol was used foe purification of the 3'.(hiol-oligonuoleolides, 
except that DTT was added after extraction ofDMT to reduce the amount of disulfide 
formed. Alter six hours at WC, the DTT was extracted using ethyl acetate, and ihe 
oligonucleotides repurificd by KrlX (elulion time IS minutes). 

For purification of ihe 5' thiol modified oligonucleotides, preparatory HPLC was 
performed under the same conditions as for unmodified oligemic leolides. After 
purification, the trityl protecting group was removed by adding ISO uL of a 50 mil 
AgNOj solution to the dry oligonucleotide sample. The sample rumed a milky white 
color as the cleavage occurred. Aftor20 minutes, 2(10 uL of a 10 nig/rol solution of DTT 



transferred onto a desalting NAP-5 column (Pharmacia Biotech, Uppsala, Sweden) for 
purification (contains DNA Grade Sepbadex G-25 Medium for desalting and buffer 
exchange of oligonucleotides greater than 1 0 bases). The amouni of 5' thiol modified 
oligonucleotide was determined by UV-vis spectroscopy by measuring the magnitude of 
the absorhaooe at 260 mil. The final purity was assessed by performing ion-exchange 
HPLC with a Dionex Nucleopac PA-I00 (4 x 250) column using a 10 mM HaOH 
solution (pH 12) with a 2%/min gradient of 10 mM NaOH, 1M NaCl solution. Typically, 
two peaks resulted with ctation limes of approximately 19 minutes and 25 minutes 
(elation times are dependent on Ihe length of the oligonucleotide strand). Those peaks 
corresponded to die thiol and Ihe disulfide oligonucleotides respectively. 

C. Attachment Of O liennucleniidiM To Gold Nanonarttolea 
An aqueous solution of 1 7nM (150 uL) An colloids, prepared as described in part 
A above, was mixed with 3.75 uM (46 uL) 3Mbiol-TTTGCTGA, prepared as described 
in part B and allowed to stand for 24 hours at room temperature in 1 ml Eppendorf 
capped vials. A second solution of colloids was leaded wilh 3.75 uM (46 uL) 3'-thiol- 
TACCGTTG. Note that these oligonucleotides are noncomplementary. Shortly before 
use, equal amounts of each ofthe two nanoparticle solutions were combined. Since the 
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as described in pail B of 



iA TCTCAGCAAA [SEQ IC NO:)); and 
3' G ATCGCGCAT ATCAACGGTA [SEQ ID NO: J]. 

Mixing of those two oligonucleotides in a 1 M Nad, 10 aiM phosphate buffered 
(pH 7.0) solution, resulted in hybridization lo form a duplex having a 12-base-pair 
overlap and two 8-base-psir sticky ends. Each ofthe sticky ends had a sequence which 
was complementary to that of ono ofthe oligonucleotides attached to the Au colloids 

The linking oligonucleotides prepared in part A of this example (0. 17 uM final 
. concentration after dilution with NaCI) were added to the tianoparticlc-oligomicleotide 
conjugates prepared in part C of Example I (5. 1 nM final concentration after dilution 
with NaCI) at room temperature. The solution was then diluted with aqueous NaCI (to a 
Bnal concentration of 1 M) and buffered at pH 7 with 10 mM phosphate, conditions 
which are suitable for hybridization of the oligonucleotides. An immediate color change 
from red to purple was observed, and a precipitation reaction ensued. See Figure 6. Over 



el, Soc Figure 6. 
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Lambda 2 UV-vis Spectrophotometer using a 
10 Holder while cycling the temperature at a rate of rOminute between 0°C and WC. 

iriM phosphate buffer and at I M NaCl concentration. 

The results are shown in I-'ifjure B A. As the temperature was cycled between 0°C 
and 80T. (which is 38°C above the dissociation temperature (T„) for the duple* (T„»42 
15 °C)), there was an excellent correlation between the optical signatures for both the 



nt. Figure! 
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5 Transmission Election Microscopy (TEM) studies of the precipitate. TEM was 

performed on a Hitachi 8100 Transmission Electron Microscope. A typical simple was 
preparer) by dropping 100 uL or colloid solution omo a holey carbon grid. Tho grid, 
then, was dried under vacuum and imaged. TEM images of Am colloids linked by 
hybridized oligonucleotides showed targe assembled networks of the An colloids, Figure 

10 9A. Naked Au colloids do not aggregate under comparable conditions but rather disperse 
or undergo particle growth reactions. Hayat, Colloidal Gold: Principles, Methods, and 
Applications (Academic Press, San Diego, 1991), Note that there is no evidence of 
colloid particle growth in lue experiments performed to date; the hybridized colloids 
seem to be remarkably regular in size with an average diamctor of 13 um. 

15 With TEM, a superposition of layers is obtained, making it difficult to assess the 




separations of approximately 60 A can be seen. This distance is somewhat shorter Ihau 
20 the estimated 95 A spacing expected for colloids connected by rigid oligonuclcolide 
hybrids with the sequences that were used. However, because of the nicks in the duplex 
obtained after hybridization of the oligonucleotides on the nanoparticles to the linking 
oligonucleotides, these were not rigid hybrids and were quite flexible. It should be noted 
that this is a variable that can be controlled by reducing the system from four overlapping 
25 strands to three (thereby reducing the number of nicks) or by using triplexes instead of 
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The method of attaching thiol-oligonucleotides to sold nanoparticles described iti 
Example I was found not to produce satisfactory results in some cases, in particular, 
when long oligonucleotides were used, the oligonucleotide-colloid conjugates were not 

used as mode! for the background DNA that would normally be preseut in a diagnostic 
system. Longer exposure of the colloids to the thiol-oligonucleotides produced 
oligonucleotide-colloid conjugates lout were stable to salmon sperm DNA, but the 
resulting conjugates failed to hybridize satisfactorily. Further experimentation led to the 



that the conjugates ore stable to high molecular weight DNA and hybridize satisfactorily. 

A 1 mL solution of the gold colloids (17nM) in water was mixed with excess 
(3.68 rM) thioi-oli 



-uffer, pH 7.0, unU 100 uL of 1.0 M N3C1 were prembtcd and 
:or 10 minutes, 10 uL of 1 % aqueous NaNj were added, and the mixture wa 



the sur face coverage by the thiol-oli 



14,000 rpm in sn Eppcndotf Centrifuge 5414 for about 15 minutes to givea ve: 
pink supernatant containing most of the oligonucleotide (as indicated byibe ab 
at 260 um) along with 7-1 



/as resuspeuded in about 200 jtL of buffer (10 uiM 
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residue was taken up in 1.0 mL ofbuffer (10 mM phosphate, 0.1 M NaCl) and 10 uLof i 
1% aqueous solution ofNaN,. Dissolution was assisted by drawing toe solution into, an. 
expelling it &om, a pipette several times. The resulting red master solution was stable 
(i.e„ remained red and did not aggregate) on standing for months at roo 



addition to 2 M NaCl, 10 mM MgCli o 

Example 4: Acceleration Of Hybridization of Nanonarticlc-Oliaonucleotide 

The oligonucleolide-sold colloid conjugates 1 and II illustrated in Figure 1 1 were 
I an. 



NaCl or in 10 mM MgCh plus 0. 1 M NaCl and allowing the iruMure to stand at 
temperature for o day produced little or hd color change. 

Twowayswcrefoundtoimprovehybridization. First, faster results we 
obtained by freezing the mixture of conjugates I and II (as 
solulionoCO.lMNaCIJilll 

When 1 uL of the solution wasspottedonastandiirdC-18TLC silica plate (Alltech 
Associates), a strong blue color was seen immediately. The hybridization and consequent 
color change caused by the freeze-thawing procedure were reversible. On heating the 
hybridized solution to 80°C, the solution turned red and produced a pink snot on a TLC 
plate. Subsequent freezing and thawing returned the system to the (blue) hybridized state 
(both solution and spol on a C-18 TLC plate). In a similar experiment in which the 
solution was not refrozen, the spot obtained on the C-18 TLC plate was pink. 

A second way to obtain faster results is to warm the conjugates and target. For 
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oligonucleotide targe! sequence in a 0. 1 M NaCI solution were warmed rapidly to 65°C 
and allowed to cool to room temperature over a pericxl of 20 minutes. On sporting on a 
C-18 silica plate and drying, a blue spot indicative of hybridization was obtained, to 
5 contrast, incubation of the conjugates and target at room temperature for an hour in 0. 1 M 
»aCI solution did not produce o blue color indicative of hybridization. Hybridization is 
more rapid in 0.3 M NaCI. 



The oligomieleotide-gold colloid conjugates 1 and 2 illustrated in Figures 12A-F 
were prepared as described in Example 3, and the oligonucleotide target 3 illustrated in 
figure 1 2A was prepared as described in Example 2. Mismatched and deletion targets 4, 
S, 6, and 7 were purchased from the Northwestern University Biotechnology facility, 
Chicago, IL. These oligonucleotides were synthesized on a 40 nmol scale and purified on 
an reverse phase CIS cartridge (OPC). Their purity was determined by pertaining ion 
exchange HPLC. 

Selective hybridization was achieved by heating rapidly and then cooling rapidly 
to (he stringent temperature. For example, hybridization was carried out in 100 pL of 0.1 
M NaCI plus 5 mM MgCli containing 15 l)M of each oli| 
and 2, and 3 nanomoles of target oligonucleotide 3 , 4, 5, 6, or 7, he 
to the temperatures indicated in Table 1 below, an 
temperature for 10 minutes. A 3 (it sample of each rei 
a C-18 TLC silica plate. On drying (5 minutes), a strong blu 
hybridization had taken place. 

The results arc presented in Table 1 below. Pink spots signify a negative test (i.e., 
that the nanoparticles were not brought together by hybridization), and blue spots signify 
a positive test (i.e., that the nannpartieles were brought into proximity due to 
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! 0 to give a positive test al 58°C (blue rotor) and a negative test (ted color) at 64"C with 
conjugates 1 and2. Under the same conditions, the fully-matched target (5) gave a 

that is fully matched and one containing a single mismatched base. 

Similar results were achieved utins a different hybridization method. In 

1 5 particular, selective hybridization was achieved by freezing, thawing and (ben warming 
rapidly to the stringent temperature. For example, hybridization was carried out in 100 
(iL of 0.1 M Nad containing IS nM of each oligonuuleotidc-collold conjugate 1 and 2, 
and 1 0 picomoles of target oligonucleotide 3, 4, 5. 6", or 7, freest/tig in a dry iec-lsopropyl 
alcohol bath for 5 minutes, thawing at room temperature, then warming rapidly to the 

20 temperatures indicated in Table 2 below, and incubating the mixture at this temperature 
for 1 0 minutes. A 3 ul, sample of each reaction mixture was then spotted on a C-l 8 TLC 
silica plate. The results are presented in Table 2. 
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observe on flic CI 8 silica plates. In principle, this three-component nanoparticle based 
srrategy will be more selective than any two-component detection system based on a 



A master solution containing 1 nmol of target 3 was prepared in 100 111 of 
hybridization buffer (0.3 M Nad. 1 0 mM phosphate, pH 7). One ul ofthis solution 
corresponds to 10 picomole of target oligonucleotide. Serial dilutions were performed by 
taking an aliquot of (he master solution and diluting it to the desired concentration with 

probes I and 2 with different amounts of target 3. After performing the hybridization 
u&iogfo^c-thiiw conditions, 3 uJaliquots of these solutions were sported onto C-18 
TLC plates to determine color. In Table 3 below, pink signifies a negative test, and blue 




DNA modified nanoparliclcs were adsorbed onto moouieo mmsparem sub 
as shown in Figure 13B. This method involved the linking ofDNA modified 
nanopartteles to nanoparticles that were attached to a glass substrate, using DNA 
25 hybridization interactions. 

93 
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the adsorbed nanoparticles and exhibit similar U V-vis absorbance profiles (surface 
plostnon absorbance peak at 520 run) as the armoous gold nanoparticle colloidal 
solutions. Sec Figure 14A. 

DMA was attached to the nanoparticle modified surface by soaking the glass 
slides in 02 OD (1.7 uM) solution containing freshly purified 3' thiol oligonucleotide (3' 
thiol ATOCTCAACTCT [SEQ ID NO . 33]) (synthesized as described in Examples 1 and 
3). After 12 hours of soaking lime, the slides were removed and rinsed with water. 

To demonstrate the ability of an analyte DNA sttimcl to I 
modified substrate, a linking oligonucleotide was prepared. The 1: 
(prepared as desorjbed in Example 2) was 24 bp long (5' 
TACOAGTTOAGAATCCTGAArGCG [SEQ ID NO:34]) with . 
1 2 bp end that was complementary to the DNA already adsorbed t 
surface (SEQ ID NO:33). The substrate was then soaked in a hybridization buffer (0.5 M 

OD, 1.7 uM) for 12 hours. After removal and rinsing with similar butler, the substrate 
was soaked in a solution containing 13 nm diameter gold nanoparlicles which had been 
modified with an oligonucleotide (TAGGACTTACGC 5' thiol [SI 
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(prepared as described in Example 3) that is complementary to the unhybridized portion 
of the linking oligonucleotide attached to the substrate. After 12 hours of soaking, the 
substrate was removed and rinsed with the hybridization buffer. The substrate color had 
darkened lo a purple color and the U V-vis absoibance at 520 rim approximately doubled 




e 2, pan B, was used. The 

les(520nm)w»nM 
t a rate of 0.5'C per minute. The nanoparftcle signal 
dramatically dropped when the temperature passed 60°C. See Figure 1 4B. A first 




15A-Owasd( 
complementary target 4 (see Figures 
. in Example 5 where the two probes ali 
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■G were purchased fr< 



When ! 50 P-L of hybridization buffer containing 13 nM oligonucleoride- 
nanoparticle conjugates I and 2 was mixed with 00 picomolos (6 M L) or target 4. the 
solution color immediately changed from red to purple. This color change occurs as a 
result Df the formation oflarge oUgoiiucleotlde-llnked polymeric networks of sold 
nanoparticles, which leads to i 
n. When the sol 

lie aggregates was observed. A. 'melting analysis' of the solution with the 




lie gold nano 

1 significant, me 
mied from the perfect complement, as evidenced by T m 
les (see Figures 15A.-0). The solutions containing the 
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imperfect targets could easily be distinguished from the solution containing (he perfect 
complement by their color when placed in a water bath hold at 52.5"C. This temperature 
is above the T„ of the mismatched polynucleotides, so only the solution with the perfect 
target exhibited a purple color at this temperature. A 'melting analysis' was also 

5 performed on the probe solution which contained the half-complementary target. Only a 
minute increase in absorbunce at 260 ran was observed. 

Next, 2 uL (20 picomoles) of each of the oligonucleotide targets (.Figures 15A-0) 
were added to a solution containing 50 uL of each probe (13 nM) in hybridization buffer. 
After standing for 15 minutes at room temperature, the solutions were transferred to a 

10 temperature-controlled water bath and incubated at the temperatures indicated in Table 4 
below for five minutes. A 3 pi sample of each reaction mixture was then spotted on a C- 
18 silica plate. Two coarrol experiments wore performed to demonstrate thai the 
alignment of both probes omo the target is necessary to trigger aggregation and. 
therefore, a color change. The first control experiment consisted of both probes 1 and 2 

15 without targei present. The second control experiment consisted ofboth probes 1 and2 
with a target 3 that is complementary ro only one of the probo sequences (Figure 15B). 
The results are presented in Table 4 below. Pink spols signify a negative test, and blue 
spots signify a positive test. 

Notably, the colorimelric transition that can he detected by the naked eye occurs 

20 over less tlian l'C, thereby allowing otic to easily distinguish Hie perfect target 4 from the 
targets with mismatches (5 and 6), an end deletion (7), and a one base insertion al the 

controls, there were no signs of particle aggregation or instability in die solutions, as 
25 evidenced by the pinkish red color which was observed at oil temperatures, and they 
showed negative spots (pink) in the plate test at all temperatures (Table 4). 

fully complementary target 4 is truly remarkable given the complete complementarity of 



(249) 



JP 2004-501340 A 2004. 1.15 




(250) 



JP 2004-501340 A 2004. 1. 15 




(251) 



JP 2004-501340 A 2004. 1.15 



the oligonucleotides attached I 




1 0 of already-aggregated samples, bringing the gold uanoparticles closer together. 

The color change observed with gold nnnoparticks is attributable 10 a shin and 
broadening of the surface plasmon resonance of the gold. This color change is unlikely 
for gold nanopnnicles less than about 4 nvn in diameter because the lengths of the 
oligonucleotides necessary £br specific detection of nucleic acid would exceed the 



Example 9: Assays Using Xann 

Five microliters of each probe 1 ond2 (Figure l2A>werecorabined to a final 
ionofO.1 MNaCI with buffer (1 0 mM phosphate, pH 7), and I microliter of 



spotted on a C-18 TLC plate, a b 
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1: 1 HjSO^Hrfh at 50'C. Slides were Him rinsed wiih copious amounts of 

adsorbed onto the, slides wins a modified procedure reported in the literature (Chrisey ct 
al. Nucleic Adds Res.. 24, 3031-3039 (1996) and Chrisey et al., Nucleic Acids Res., 24, 
3040-3047 (1996)). First, the slides were soaked in a 1% solution of 
triroedioxysilylpropyldiemyltriamme (DETA, purchased from United Chemical 
15 Technologies, Bristol, PA) in 1 mM acetic acid in Nanopute water for 20 minutes at 
room temperature. The slides were rinsed wifo water, then etaol. After drying with a 
dry nitrogen stream, the slides were baked at 120°C for 5 minutes using a temperature- 
controlled heating block. The slides wer e allowed to cool, then were soaked in a 1 mM 
succinimidyl 4-(malcmidophenyl)-buiyrale(SM?B, purchased from Sigma Chemicals) 



removal from the SMPB solution and rinsing with cthanol, amine sites that were not 
coupled to the SMPB crosslinks were capped as follows. First, the slides were soaked 



;ro purchased from Gicn Research, Sterling, VA. Tt 
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ATGCTCAACTCT (SEQ ID N033)). After 12 hours of soaking time, the slides were 

To demonstrate the ability of an analyte DNA strand to bind nanoparticlcs to tho 
modified substrate, a linking oligonucleotide was prepared. The lurking oligonucleotide 
5 was 24 bp long (5' TACG AffTTGAGAATCCTOAATGCG [SEQ ID NO:34]) with a 

onto Ow substrate surface. The substrate was then soaked in a hybridization buffer (0.5 
M NaCl, 10 mM phosphate buffer pH 7) solution containing the linking oligonucleotide 
(0.4 OD, 1.7 uM) for 12 hours. After removal and rinsing with sinrUar buffer, (he 

10 substrate was soaked In a solution containing 13 run diameter gold nanoparticlcs which 
hud been modified with an oligonucleotide (TAGG ACTTACGC 5' thiol [SEQ TD 
N035]) that is complementary to the unhybridbed portion of the linking oligonucleotide, 
attached to the substrate. After 12 hours of soaking, the substrate was removed and 
rinsed with the hybridisation buffer. The glass substrate's color had changed from clear 

15 and colorless to a transparent pink color. See figure 19A. 




solution containing 13 tun sold nanoparticlcs having oligonucleotides (3' thiol 
ATGCTCAACTCT [SEQ ID NO:33J) attached thereto. After soaking for 12 hours, the 

20 slides were removed from thenanoparlicle solution and rinsed and soaked in 

hybridtation buffer as described above. The color of the slide had become noticeably 
more red. See Figure 19A. A fbiat nanopariicle layer was added by repealing the linking 
oligonucleotide and nanopariicle soakingprocedures using 13 nm gold nanoparticlcs 
which had been modified with an oligonucleotide (TAGGACTTACGC 5' thiol [SEQ ID 

25 NO:35]) as the final nanopattlcle layer. Again, the color darkened, and the UV-vis 
absorbanoe at 520 nm iucreased. See Figure 19A. 

To verify rha! the oligonucleotide modified gold nanoparticles were attached to 
the oligonucleotide modified surface through DNA hybridization interactions with the 

102 
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similar to that used in Example 3, part B. was used. The absotbaoce signal due to the 
nanoparlicles (520 nm) was monitored al each degree as the temperature oFths substrate 
was increased from 20°C to SOT, with a hold time oH minute at each integral degree. 
The nanoparticlc signal dramatically dropped when the temperature passed 52 3 C. See 
Figure 1 9B. A first derivative of (tic signal showed a melting temperature of 55°C, which 




was carried out by adding 1 (lL of « solution ofpolyt/A) (0.004 A JM Units) to lOOpLof 
gold nanopanioles (~ 1 0 nM in panicles) conjugated to dT*> (a 20-mer oligonucleotide 
containing thymidylate residues) through a mercaptoatkyl linker at the 5'-tcrmimis. TIk 
conjugation procedure was Oiat described in Example 3. Following freezing in a Dry 
Icc/isopropyl alcohol bath, thawing at room temperature, and spotting on a CI 8 TLC 
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dchybridizalion of a double-stranded target) and can recognize and speci fically bind to an 
amplicon obtained ftom a PCR reaction. 

A PCR solution containing a 141 base pair duplex amplicon of the Protective 
Antigen segment of Anthrax was provided by the Navy (sequence given in Figure 23). 
Toe assay for this amplicon was carried out by isolating the DNA from 100 uL of the 
PCR solution using a Qiaquick Nucleotide Removal Kit (Qiagcn, Inc., Santa Clerila, CA) 



effected with 10 mM phosphate buffer at pH 8.5, rather than with the buffer provided 
with the kit. The etaanl was then evaporated to dryness on a Speed Vac (Savant). To (hi 
residue was added 5 iiL of a master mix prepared by mixing equal volumes of each of 
two solutions of two different oligonuclcoliue-nanopartiele probes (see Figure 23). Eact 
ob'gomrcieoiide-nanonarticlc probe was prepared as described in Example 3. The 



adding 10 uI,of 2 MNaCl and 5 uL of oil! 
15 each Blocker oligonucleotide (sec Figure 23 and below) in a 0.3 M NaCl, 10 mM 
phosphate, pH 7.O., solution) to 5 uL of full-strength (3bout 10 nM) nanoparricle- 
oligonucieotide solution. The amplicon-probe mixture was heated to 100"C for 3 
minutes, then frozen in a DRY ICE'eihanol bath and allowed to come to room 
temperature. A small aliquot (2 uL) was spotted on a CIS TLC plate and allowed to dry. 

Control tests carried out hi the same manner io absence of the amplicon target 
DNA, in the absence of Probe I , in the absence ofProbo 2, or in the absence of the 
sodium chloride, were all negative, that is, gave a pink spol. Similarly a test carried out 
using probes 1 and 2 with a PCR amplicon derived from the Lethal Factor segment of 
25 Anthrax in place of the Protective Antigen Segment was negative (pink spot). These 
controls confirmed that both probes were essential, that salt conditions appropriate for 
hybridization were needed, and that the test was specific for the specified target 
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The oligonucleotide Blockers were added to inhibit binding of the second strand 
of the initial duplex target (i.e., the strand complementary lo the target strand) to regions 
of the target nucleic acid strand outside the segment that binds to the probes {sec Figure 
k binding of the nat 




ionofthePCRaro 

from the PCR solution before addition of the nanoparticle-oligonucleolide probes. For 
• many purposes it would be desirable to be able to carry out the assay directly in the PCR 
solution without preliminary isolation of the polynucleotide products. A protocol lor such 
an assay has been developed and is described below. This protocol has been performed 
successfully with several PCR products derived under standard conditions using a 
GcneAmp PCR Reagent Kit with Amplitaq PNA polymerase, 

To 50 pi of the PCR sample solution, 5 Mt- of amixture of wo gold 
nanopartcle-oligonucleotide probes (0.008 Ann Units oreacb) was added, followed by 
addition of a solution made up from 1 11L of Blocker oligonucleotides (10 pmolcs each), 
5 pL of 5 MNaCI, and 2 pL of 150 mM MgCfe. This mixture was heated for 2 minutes 
at 100°C to separate the strands of the duplex target, the tube was immersed directly in a 
cold bath (e.g., Dry Icc/cthanol) for 2 minutes, then removed, and the solulion allowed to 
thaw at room temperature (the frerae-lhaw cycle facilitates hybridization of (lie probes 



(e g., C18 RP TLC plate, a silica plate, a nylon membrane, e 
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0.3 M NaCI, 10 mM phosphate buffer at pH 7.0. Subsequent quick freezing by 
immersing Ore tube in a Dry Ice/isopropyl alcohol bath and thawing by removing the tube 
trom the bath and letting it stand at room temperature (22°Q, followed by spotting 3 pL 
of the solution on a C18 TLC plate, afforded a blue spot characteristic of hybridization 

The rationale for this test is that the nanopartidc probes (bearing pvrimidilte 

oligomicleoridobyrimidinc oligonucleotide sites along the duplex target. Since many 
binding sites are available on each double stranded entity, the binding leads to formation 



Example 15: Assay Bm jlovin a Both Fluorescence An 
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,istry (Eckstein, of., in 



[ a cd, Oxford University, Not York, X.Y. 1991) with 
ifltr C7 CPQ solid support (Glen Research) and a 5'-fluortsOOin 
e (6-FAM, GlenRese-atch) on an Expedite 8909 synthesizer and were 
:rse phase StPLC They were attached to the arrune-fijnetionaiized latex 
/ means of diisothiocyanalo coupling to yield a ditliiourea linkage as 
M reyrcetal.,i < r» K «ia/r, 13. 3103-3110 (1997). Briefly, aDMF solution 
nd fold excess ofl ,4-phenyl=ne diisothiocyanato was added to an aqueous 
ion (0.1 M,pfi9.3>ofmeam 



).l M, pH 9.3, 1 M NaCI). After 12 hrs, the particles were isolated by 

ne solution (0.3 M NaCI, 10 mM 
ed gold nanoparticle probes were 

The large! oligonucleotide (t-S yi, 3 nM) was added to 3 pi of fluorophore- 
ed latex microsphere probe solution (3.1 urn; 100 CM). 

!ed gold nanoparticle probe solution 
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nanoparlicle probes to pass through. In the presence of a sul 
target, the latex microspheres and the gold nanoparticles hybridized with the target, and a 
red spot was observed on the membrane (positive result). A control experiment was 
always carried out where the aliquot of solution containing the target oligonucleotide was 
replaced by an equal volume of water. In this ease. It white spot was left on the 
membrane (negative result). For a 24-base-pair model system, using the unaided eye, 3 
&mtomoles of target oligonucleotide could be detected oolorimctrieally. 

A double-stranded target oligonucleotide (1-5 pi, 20 ruM), 3 ill of a solution of 
fluorophore-labcled- oligonucleotide-latex microspheres (3. 1 pm; 100 fM) and 3 Ml of a 
solution of 5'-oligonucleotide-gold nanoparticles (13 run; 8 nM) were combined and 
heated to 100 °C for 3 minutes. Then, the solution was immediately frozen byimmcrsing 
the reaction vessel containing it in a liquid Ki bath for 3 minutes. This solution was then 
lliawed at room temperature and filtered as described above. For a 24-base pairmodol 
system, using the unaided eye, 20 femromoles of duplex target oligonucleotide could be 



Boult due to background fluorescence from the membrane. This problem was 
Dme by "washing" the latex microspheres by centrifugalion to remove excess gold 
.article probes before spotting an aliquot on a reverse-phase TLC plate. The 



effected between the probes and target, )0 pi of buffer were added to 
was subsequently eenlrifuged at 10,000 x g for 2 minutes. The supernatant was removed, 
and 5 pi of buffer were added to help resuspcrid the precipitate. A3 pi aliquot WB5 then 
spotted on a reverse-phase TLC plate. For bolb single-stranded and duplex target 
oligonucleotides, 25 femtomoles could be detected colnrimetricaUy by the naked eye. 
Fluorescent spots could be visualized by the naked eye with a hand-held UV-Iamp until 
the target amount in the 3 ill aliquot used to form the spot was as low as 50 femtomoles. 
II is bel ieved that optimization of this system will allow li 
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5 nm) are soluble only in organic media, making direct reaction with alkyltmol-teirninaled 
single-stranded DNA difficult This problem was circumvented by first capping the QDs 
with 3-rtrercaptopropioiiip acid. The carboxvtic acid group was then deprotonated with 4- 




Kanopurc water (IS. I Mfl) prepared using a NANOpure ultrapure water 
purification system was employed throughout. Fluorescence spectra were obtained using 
a Perkih Elmer LS 50 B Lominescence Spectrometer. Melting analyses were performed 
using a HP 8453 diode array spectrophotometer equipped with a HP 9090a Peltier 
Temperature Controller. Cenlrifugation was carried out using either an Eppendorf 3415C 
centrifuge or a Beckman Avanti 30 centrifuge. TRM images were acquired using a 
Hitachi HM00O Held emission TEM operating at 200 kV. 
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theiein; Klein et al. Nature 1997, 699; Kuno « al, J. Chem. Phys- 1997, 106, 9869, 
5 Nitmal et al., Mmirc 1996, 383, 802), potentially paving the way for QDs to be employed 
in diverse technologies, such as light-emitting diodes (Schlamp et al., J. Appl. Ph)*. 
1997, 82, 5837; Dabbousi et al., AppL Phys. Lett. 1995, dd, 13 16) and as non-radioactive 
biological labels (Bruchez. et al, Science 1998, 281. 2013; Chan et al., Screw 1998, 281, 
201 6). However, many applications will require trial the particles be arranged spatially 
10 on a surface or organized into three-dimensional materials (Vossmeyer et al, J. Appl 
Phis. 199B, 84, 36M). Moreover, foe ability to organize one or more types of 
nanoparticlcs into superlattice structures (Murray et al., Science 1995, 270, 1335) would 
allow for the constmclion of completely new types of hybrid materials with new and 
potentially interesting and useful properties. 
1 5 DNA is the idea) syrdhon for programraina the assembly of nanoscale building 

blocks into periodic two- and three-dimensional extended structures. The many attributes 

unlimited programmability by virtue of nucleotide sequence, can be exploited for the use 
of QD assembly. 

20 The modification of QDs withDNA has proven to be more difficult than for gold 

nanoparticles. The common methods for preparing highly luminescent CdSe QDs yield 
materials that are coated with a mixture of trioctylphosphine oxide CfOPO) and 
trioclylphosphrae (TOP). As a result, those QDs are soluble only in non-polar solvents, 
making them difficult to ftmcrionalize with highly charged DNA strands by direct 

25 reaction. This difficulty has been overcome by the method described below, which is the 
first successful modification of semiconductor nanoparticlcs with single-stranded DNA. 
It should be noted that others, in elegant studies, have looked at the interaciions between 
QDs and duplex DNA, but these studies did not make use of the sequence specific 
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binding properties of DNA to direct the assembly of extended QD structure!. Coffer el 
zkAppi '.f%s. Lett, 1996, cT>, 3851; Mahtab et al., / /to. Ckem-Soc, tm,IIS,im. 

Since the surface of CdSottiS core/shell QDs binds organic thiols, it was desired 
to modify these semiconductor particles with alkylthial-taminslcd DNA strands by a 
substitution reaction. The lack of water solubility of these QDs, though, hindered such an 
approach. Two different methods recently have been reported for making QDs water 
soluble, allowing for the immobilization of protein structures on the QD surfaces. One 
involves encapsulation of the core/shell structures with a silica layer (Bruchez et al. 
Science 1998, JS/.2013), white the other utilizes mercaptoacetic acid both to stabilize 
the particles and provide water solubility (Chan et al„ Science 1998, 267 . 2016). The 
procedure described in this example, which produces remarkably stable colloid under 
DNA hybridization conditions, utilizes 3-mcrcaptopropionic acid to passivale the QD 

An excess of 3-aiercaptopropionic acid (0.10 mL, 1 . 15 .nmol; Aldrich) was added 
by syringe to a suspension of -JO rnj of TOP/TOPO stabilized CdSe/ZnS QDs (prepared 
as described in Hines, et al„ J. PAys. Chem. 1996, 100, 468) in t .0 mL of N,N,.dimethyl 
formamide (DMT; Aldrich) generating a dear, dark orange solution containing 3- 
mercaplopropiomoacidftinctionalizedQDs. The reaction occurred quickly. For 




3M):17IOcm 

' (or), 946 cm J (w), 776 cm"' (m), 671 cm'' (m). Unlike the 
QDs, the 3-mercaptopropionic acid modified QDs exhibited a characteristic v<w band at 



(265) 



JP 2004-501340 A 2004. 1.15 



1710 cm' 1 for the surface bound propionic acid. 

Although the 3-mercaptopropionic Mid modified QDs were practically insoluble 
in water, their solubility could be significantly enhanced by deprotonating the surface 
bound niercaptopropionic acid sites with 4-(dimelhylurnino)pyridine (DMAP; Aldnch) as 
described in the next paragraph. The QDs then dispersed readily in water, producing 

To attach oligonucleotides to QDs. 150 |iL (optical density at 530 nm - 21 .4) of a 
solution of the 3-mercaptopropionic acid functionalized particles in DMF were added to a 
solution of DMAP (8.0 mg. 0.065 mmol) in 0.4 mL of DMF. An orange precipitate was 
formed. It was separated by ctotriSigation (-30 seconds at 3000 rpm) and then dissolved 

(1.0-2.0 ODs/mL; prepared as described in Example I; sequences given below). 
Precipitate (dissolved in water) was characterized by IR spectroscopy (polyethylene card, 
3M). IR (en)-'): 1 047 (m), 1559 (s). 1462 (m). 1214 (w), 719 (w), 478 (s). After standing 

thapanicles were aged for an additioaal 12hours. The NaCl concentration was ten 
raised to 0.3 M, and the mixture was allowed to stand for a further 24-40 hours before 
dialyang against PBS (0.3 M NaCl, 10 mM phosphate buffer, pH 7, 0.01% sodium 
aside) using a 100 kDa membrane (SpectaTor Cellulose Esler Membrane). The dialysis 
was carried out over aperiod of 45 hours, during which time the dialysis bath was 



aqueous stability. Moreover, the colloid remained strongly fluorescent, with a sharp (full 
width at half maximum ffWHM) = 33 nm], symmetrical emission at 546 nm (indicative 
of a -3.2 nm CdSe core; Murray et jl, J. Am CSem. Soc. 1993, US, 8706). 

Two different oligonucleotide-QD conjugates were prepared by this protocol and 
stored in PBS. One was modified with a 22m«, comprised of a pronyllbiol functionality 
at the 3'-end, a 12mer capture sequence, and an intervening 10 base (all A) spacer: J'- 
114 
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TCfC AACTCGTAA,o-(CJl2)j-SH [SEQ ID NO. 46], The other employed a 5'- 
hexyllbiol-lermuiated sequence, also with a 10 base (all A) spacer, and a 12mer capture 
sequence which was non-complementary with the 3'-propylthiol sequence: 5'-SH- 
(CHi)«-Ai,CGCATTCAGOAT-3' (SKQ ID NO: 47]. 

When approximately equal quantities of these two oligonucleotides (200uL, 
OD S!0 =0.224 and 0.206, respectively) were mixed and then combined with 6|iL (60 
pmol) of a solution of a complementary linking 24mer sequence (5'- 
TACGAGTrGAGAATCCT-GAATQCC-3 , l SEQ ID NO: 48), QD assemblies formed 
10 within 20-30 minutes at room temperalure, Figure 26. Faster linking look place when the 
mixture was frawn (-78° C) and then allowed to warm slowly to room temperature. 

The clusters generated were not large enough to settle out of solution. Howe™, 
they could be separated by centritugation at relatively low speeds (10,000 RFfvl for 10 
min), us compared with the unlinked particles (30,00X1 RPM for 2-3 hours). 
15 The decrease in fluorescence upon hybridization was determined by integration of 

the fjuorcsconcc signal (320 nm excitation wavelength) from 475 nm to 625 ran of 4 pairs 
of samples. Each pair was prepared in the following manner. A solution of of 3 1 
propylrbiol-terminated DNA-modified particles (30 pl^ optica] density at 530 nm » 
0.224) was combined with a solution of 5' hexylthiol-tecminated DN A-modiHed QDs (30 
20 pi, optical density at 530 nm - 0.206) in an Eppendorf centrifuge tube, and then diluted 
with 140 pL of PBS. The mixture was then split into two equal portions, and 
complementary "linker" DNA (3 pL, 30 pmol) was added to one, while tion- 

ementary "linker" DNA (S'-CTACTTAGATCCGAOTGCCCACAW. SEQ ID 
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red shift of the omission maximum, presumably due to cooperative effects between QDs, 
Figure 27A. Interestingly, Bawendi. el al. noticed a similar, albeit slightly larger, red 
shift when comparing the fluorescence of close-packed QDs and widely separated dots 
isolated in a frozen malrijl (Murray ot el.. Science 1 995, 270, 1 335). These changes in 

HlQDcbulIhe 

aggregation was observed when (he linker" was missing or 
either one of the two types of particles was absent. 

The "melting" behavior of the DNA was monitored by observing the UV-Via 



1 5 precipitate containing the QD/QD assemblies was cenlliftiged ot 10,000 tpm for 10 

minutes, washed with 7 pXofPBS, receutrifirged, and suspended in 0.7 mL of PBS. The 
IWVisible spectroscopic signature of the assemblies was recorded at two degree 

ire was increased from 25'C to 75'C, with a holding time of 1 
■as stirred at a rate of 500 rpra to ensure 
.t Temperature vs extinction profiles were then 



ills, Figure 27B (1%, - 57'C), demonstrated conclusively that DNA had 
the QD surfaces and that hybridization was responsible for the 



alone (FWHM of the respective first derivalives: 4°C vs 9"C), which is consistent with 
fA links per particle. An 
ed upon denahiration, most likely because of a screening 
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ml, the assembly of hybrid assemblies made 
le. To prepare these 

hybrid assemblies, a solution of~17 nM 34iexylthiol-modified 13 nm gold nanoparticles 
(30 mU -5 tool; prepared as described In Example 3) was mixed with a solution of S'- 
hexyltbioHemtinated DNA-modifted QDs (1 5 pL, optical density at 530 cm = 0.206) in 
an Eppendorf centrifuge tube. "Linker" DNA (5 pL, 50 pmol) was added, and the 
mixture cooled to -78"C, and then allowed to warm slowly to room temperature, 
generating a reddish-purple precipitate. No aggregation behavior was observed unless 
both types of panicles and a complementary target were present. After ceolrifugabon (1 
min at 3,000 tpm) and removal orthe supernatant, the precipitate was washed with 100 
uL ofPBS and recentrifuged. 

For "melting" analysis, the washed precipitate was suspended in 0.7 mL of VBS. 
UV-Vis spectroscopy was used to follow the changes in the surface plasraon resonance of 
the gold nanoparticles, so temperature vs. extinction profiles were compiled at 525 nm. 
Using the surface plasmon resonance of the gold nanoparticles provides a much more 



signaluro of the QDs alone Then 
much smaller sample (-10% of the QD solution is needed), although the intensity of the 
plasmon band obscures the II V/Vis signal from the QDs. Similar to the pure QD system 
described above, a sharp (FWHM of the first derivative = 4.5°C) melting transition 
occurred at 58°C (see Figure 27D). 

High resolution TJJM images of these assemblies showed a network of gold 
nanoparticles interconnected by multiple QDs, Figure 27C. The QDs, which have a 
much lower contrast in the TEM image than gold nanopartielos, can be Identif ed by their 
lattice fringes. They arejust barely resolvable with the high resolution TEM, but clearly 
117 
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; assemblies and the role that DKA plays 



The results described in this example definitively establish that the 
5 immobilization ofDNA onto QD surfaces has been achieved and that these particles can 
now be used in combination with DN.A. under hybridization conditions. Using DNA- 
ruuctionalized QDs, the first DNA-direcled formation orQD and mixed gold/Op 
naneparticle structures has been demonstrated. The successful modification of 
semiconductor QDs with DMA lias significant implications for materials research, and the 




Example 18: Methods of Synthesizing Oligomicleodde-NaiiopBrlicle 




HAuCUA»3HjO and trisotiiimi citrate were purchased from Aldrtch chemical 

from Goldsmith Inc., Evonston, IL. Silicon wafers (100) with a 1 micron thick oxide 
20 layerwerepurcbisedrhjmSiliconQitestlnrernational.SahtRClara.CA. 5'-thiol- 

phosphoramidite, and other reagents required for oligonucleotide synthesis were 
purchased from Gleu Research, Sterling, VA. All oligonucleotides were prepared using 
an automated DNA synthesizer (Expedite) using standard phosphoramlditc chemistry 
25 (Eckstein, F. Oligonucleotides and Analogues; 1 st ed.; Oxford University Press, New 

York, 1 991). Oligonucleotides containing only 5' hexytlhiol modifications were prepared 
as described in Example 1. 5-(and fij-carboxyfluoroscoin, succinimidyl ester was 
purchased from Molecular Probes, Eugene, OR. NAP-5 columns (Scphadex G-25 
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;h. NanopureHzOfHS.O 
MQ), purified using a Bamstead NANOpure ultrapiire water system, was used for all 
experiments. An Eppendorf 541 5C or a Becbnan Avanli 30 centrifuge was used for 
ccnhirugauonofAltnanoparlicle solutions. High Performance Liquid Chromatography 
(HPLC) was perforated using a HP series 1 1 00 HPLC. 



as recorded using a Hewlett-Packard (HP) 8452a diod 

lerfomted usiogaPerkin-BlmerlSSO flu 
py (TEM) was perforate 




was KS(CH!)(-5'-CGC-/VTT<:AO-GAT-3'-(CH:),-F [SEQ ID NO:50], and the 32mer 
(SA»12F) contained the same 12mer sequence with the addition of a 20 dA spBcer 
sequence to the 5' end [SEQ ID NO:51). The thiol-modified oligonucleotides were 
prepared as described in Storhoffetal.,j:^n.Ctot.o'oc. 120:1959-1964(1998). An 
aramo-modifier C7 CPO solid support was used in automated synthesis, and the 5' 
terminus was manually modified with hexyltMol phosphoratnichte, as described 
prcvioualy. The 3' amino, 5' trityl-protecled thiol modified oligonucleotides were purified 
by reverse-phase HPLC using on HP ODS Hypersil column <5 mm, 250 X 4 mm) with 
0.03 M triethyl ammonium acetate (TEAA), pH 7 and a 1% / miuute gradient of 95% 
CHjCN / 5% 0.03 M TEAA at a flow rate of 1 roL/rain„ while monitoring Ihe UV signal 
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stirring in the dark, 100 pi of 10 tug/nil succinimittyl ester of fluorescein (5,6 FAM-SE, 
Molecular Probes) in dry DMF was added over 1.5 hours according to the directions of 

.temperature for an additional 1 5 hours, then precipitated from 100% ethanol at -20 'c. 
The precipitate was collected by centtifugation, dissolved in HjO and the coupled 

luron (250 x 4 mm) was operated with 10 raM 
gradient ofl M NaCl/lOraM NaOH at a flow 
of 5'-S-trltyl, 3' fluorescein modified I2mer and 
raly. The oligonucleotide product was desalted 
of the Irityl protection group of the fluoresccln- 
:d using silver nitrate and dilhiotmcjlol 
(DTT) as previously described (Storhoff et J. Am. Chem.Soc. 120:1959-1964 
(1 998)). The yield and purity of the oligonucleotides were assessed using the techniques 




Thiol-modified oligonucleotides containing 32 bases, with 3' prapylthiol and 5' 
fluorescein moieties aJS(CHj),-3'-(W)».TAG-GAC-TTA-CQC-5'-(CH ; VF, W- A or 
[SEQ ID NO:52] were synthesized on an automated synthesizer using 3' thiol modifier 
CPO. The 5' terminus or each oligonucleotide was coupled manually to fluorescein 
phosphoraiiudile (6-FAM, Olen Research). The modified oligonucleotides were purific 
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ted of! 2 bases 3'- - GCG-TA A- 
GTC-CTA-5'-(CH2) ( -F [SEQ tt> NO:53] complementary to (he 12mcr sequence in SI 2F 
and SA;nl2F. The oligonucleotide was synthesized using sla 



to couple fluorescein phosphoramidite (c'-F AM, Olen Research) 



reverse-phase HPLC as above. The ftuoresccin-labeled oligonucleotide had aretenlion 
time of 18 min. The (luorophore labeled complement, 3'12F (5'-ATC-CrG-AAT-CCG- 
F; [SEQ ID NO:54]) was prepared using an ammo-modifier C7 CFG solid support Tor 
automated synthesis, followed by coupling of 5-(6>earboxyfluotescein succinimidyl 
ester to the 3' amine using tbe procedure described above. 



Gold nanopatticlcs were prepared by 



250 particles were sized from TEM negatives using graphics software {ImagcTooO. The 
20 averagediameterofatypKafparticleprepaatioiiwasl5.7+1.2nm. Assuming spherical 
it of bulk gold (19.30 gW), an average 
Ifj'g/mol). The atomic gold 
concentralion in a solution of gold nanoparticles was dotermined by ICP-AES 
{inductively coupled plasmon atomic emission spectroscopy). A gold atomic absorption 
standard solution (Aldrich) was used for calibration. Comparison of atomic gold 

inedbyTEM 



